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No  scieiwe  is  more  generaUy  interesting  than  that  .vhich 
explains  the  common  phenomena  of  life.   We  see  that  salt 
and  snow  are  both  white,  a  rose  red,  leaves  green,  and  the 
violet  a  deep  purple ;  hut  how  few  persons  ever  ask  the  reason 
why!   "We  know  that  a  flute  produces  a  musical  sound,  and  a 
cracked  beU  a  discordant  one-that  fire  is  hot,  ice  cold,  and  a 
candle  luminous-that  water  boils  when  subjected  to  heat,  and 
freezes  from  cold;  but  when  a  child  looks  up  into  our  face 
and  asks  us  "why?"— how  many  times  is  it  silenced  with  a 
frown,  or  called  very  foolish  for  asking  such  sUly  questions ! " 
The  object  of  the  present  hook  is  to  explain  above  2000  of 
these  questions  (which  are  often  more  easily  asked  than 
answered)  ia  language  so  simple  that  a  child  may  understand 
it,  yet  not  so  foolish  as  to  offend  the  scientific.   In  order  to 
secure  the  strictest  accuracy  in  the  answers,  the  most  approved 
modem  authors  have  been  consulted,  and  each  addition  has 
been  submitted  to  the  revision  of  gentlemen  of  acknowledged 
reputation  for  scientific  attainments.    Sincere  thanks  are  due  to 
the  Rev.  A.  Bath  Power,  m.a.,  f.c.s.,  of  Norwich,  and  to 
HoBERT  James  Mann,  m.d.,  for  their  very  careful  revision 
of  the  sixth,  as  well  as  for  much  useful  information  in  some 
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of  the  former  editions;*  the  almost  unparalleled  success  of 
this  little  volume,  of  which  113000  copies  have  been  printed 
since  the  year  1848,  is  an  incontrovertible  proof  ot  its  accept- 
ability. The  Author  has  spai-ed  neither  labour  nor  expense 
to  render  his  "  Guide  to  the  Scientific  Knowledge  of  Things 
.Familiar"  instructive  and  amusing  to  the  young,  as  well  as  to 
those  of  matiu'er  life. 

To  teachers  ot  schools  it  may  be  advisable  to  state,  that,  as 
■every  question  has  been  again  and  again  submitted  to  a  most 
rigid  investigation,  no  alteration  of  the  text  will  he  made  in 
future  editions ;  although  such  as  may  be  needful,  to  render  the 
book  most  generally  useful,  shall  be  given  by  annotations  from 
time  to  time,  as  subsequent  reprints  may  be  demanded. 

•  Mr.  Suneon  Simons,  of  Cromer,  furnished  some  useful  hintt 
for  the  second  edition :  and  C.  Lloyd,  Esq.,  of  Oswestry,  Salop,  a 
judicious  revision  of  the  fiftli  edition. 


A  remarkable  instance  came  before  the  Author  some  tune  smce 
of  the  statement  made  in  the  early  part  of  this  preface.  The  con- 
yersation  was  about  smoke-why  it  was  black  and  not  white,  ike 
the  fine  dust  of  lime.  A  little  child  who  was  present,  asked 
«  NNTiy  is  the  kettle  so  black  with  sn^oke?"  Her  papa  answered 
..BecLe  it  has  been  on  the  fire;"  "But,"  (urged  the  ehild) 
..what  is  the  good  of  its  being  blackl"  The  gentleman  rephed. 

Silly  child-you  ask  very  foolish  questions-sit  down  and  hold 
your  Lngue."  He  might  have  read  pp.  200,  207, 208,  and  answered 
the  child  more  discreetly. 
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PART  I 


HEAT. 


INTRODUCTION. 
Q.     What  is  heat  ? 

A.  That  which  produces  the  sensa- 
tion of  warmth. 

Q.     How  is  this  sensation  produced  ? 

A.  Simply  by  an  exchange  of  tem- 
perature with  some  substance  warmer 
than  ourselves. 

Q.  What  is  the  "  stream  of  heat "  from  the 
ivanner  to  the  colder  substance  called  ? 

A.  Calo'ric.  Caloric,  therefore,  is 
the  agent,  which  produces  the  sensation 
of  warmth,  . 


d  HEAT. 

Q.  What  is  the  principal  soxteob  of  heat  ? 
A.    The  Sun. 

Q.     What  other  botjuces  of  heat  are  there  ? 

A.  Electricity — Chemical  Action— 
and  Mechanical  Action. 

Q.     Wliat  are  the  principal  effects  of  heat  t 

A.  Expansion,  Liquefaction,  Vapo- 
rization, and  Ignition^/ 


CHAPTER  I. 


Q.     What  is  the  great  natural  souEf  E  of 
Jieat? 
A.    The  Sun. 

Q.     Wliy  do  BTTEisriNG  glasses  set  fire  to 
distances  submitted  to  their  power  i 

A.    Because,  when  the  rays  of  the  ' 
sun  pass  i/wow^/Zi  the  bui'ning  glass,  they  | 
are  bent  ioward,8  oiie  point,  called  the 
"  focus ;"  in  consequence  of  which,  the  '• 
Hght  and  heat  at  this  point  oie  veiy 
greatly  increased. 


ELECTEICITY. 
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Q.  Do  tie  rays  of  tie  sun  ever  ml  fire  to 
natural  substances,  withotji  tie  assistance  of  a 
lurning  glass  f 

A.  No:  the  rays  of  the  sun,  even 
in  the  torrid  zone,  are  never  hot  enough 
to  kindle  natiml  substances,  unless  con- 
centi-ated  by  a  burning  glass. 


CHAPTER  II. 

Q.     ITame  a  second  Sotjece  of -heat, 

A.  Electeicity. 

Q,  Sow  is  ELECTEICITY  most  commonly 
seen  in  natuee  ? 

A.    As  lightning. 

Q.     Wlat  is  LianTNiNG-  ? 

A.    Lightning  is  accumulated  electricity 

discharged  from  the  clouds. 

Q.  Sow  many  different  kinds  of  lightning 
are  there  t 

A.    As  there  are  two  kinds  of  elec- 
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tricity,  so  there  are  two  kinds  of  light- 
ning also. 

Q.  What  are  the  two  Mnds  ofELEOTEiciTT 
called  ? 

A.  The  Vitreous  and  Resinous; — 
sometimes  the  Positive  and  Negative. 

Q.     What  causes  the  discharge  of  an  elbo- 

TEIC  CLOUD  ? 

A.  One  kind  of  electricity  rushing 
from  a  cloud,  to  unite  itself  with  the 
other  kind,  either  in  another  cloud,  or 
in  the  earth, 

Q.  What  tahes  place  when  the  two  hinds  of 
electricity  meet  ? 

A.    They  neutralize  each  other. 

Q.     Wliat  is  a  thtjitdee-stoem  ? 

A.  The  disturbance  caused  in  the 
air,  when  successive  discharges  of  accu- 
mulated electricity  take  place. 

Q.  What  are  the  sources  of  the  electricity 
which  accumulates  in  the  clouds  ? 

A.  1st — Evaporation  from  the  earth  s 
surface ; 
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2ndly— The  chemical  changes  which 
take  place  in  the  earth's  sui'face,  and  in 
the  an- ;  and 

3rdly — Probably  friction  between  cur- 
rents "  of  air  of  unequal  temperature, 
passing  by  each  other. 

Q.  JIoio  HIGH  are  the  lightking  clouds 
fi-om  the  earth  ? 

A.  Sometimes  they  are  elevated  4  or 
5  miles;  and  sometimes  actually  touch 
the  earth  with  one  of  their  edges :  But 
they  are  rarely  discharged  in  a  thunder 
storm,  when  more  than  700  yards  above 
the  surface  of  the  eai'th. 

Q.  Hoto  do  such  objects  as  trees,  steeples, 
animals,  ^c,  help  the  discharge  of  electric  clouds  ? 

A.  They  reduce  the  distance  between 
the  electric  cloud  and  the  earth. 

Q.     Why  is  lightning  sometimes  fokked? 

A.  Because  the  flash  is  divided  by 
certain  terrestj'ial  objects  which  it  ap- 
proaches. 

Q.     Wliy  is  the  flash  sometimes  zig-zag? 
A.    Because  lightning  condenses  the 

B  3 
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air  in  the  immediate  advance  of  its  path^ 
and  flies  from  side  to  side,  in  order  to 
pass  where  there  is  the  least  resistance. 

Q.     When  is  the  flash  steaight  ? 

A.  When  the  distance  through  which 
the  flash  has  to  pass  is  small,  so  that  the 
air  in  advance  of  its  path  is  not  sufficiently 
condensed,  to  cause  it  to  fly  from  side  to 
side. 

Q,       What  is  SHEET  LIGHTNING  ? 

A.,  The  hght  of  a  flash  reflected  in  the 
clouds,  when  the  flash  itself  is  concealed 
from  view. 

Q.     Wliat  OTHEE  form  does  lightning  occo' 
sionally  assume  ? 

A.  It  sometimes  assumes  the  globular 
form,  and  sometimes  what  is  called  the 
brush  form. 

This  hrush  discharge  is  what  is  called  "  Castor  and  Pollux,"  or 
"  Elmos-fire."  Dr.  Faraday  says,  it  is  a  discharge  between  the  air 
and  some  conductor. 

The  cause  of  glohular  lightning  is  not  knowTU 

Q.     Why  does  lightning  produce  a  flash  when 
it  passes  through  the  aie  ? 


LIGHTNING. 


7 


A.  Because  the  air,  being  a  non- 
conductor, cannot  convey  it  in  an  invisible 
fcrm. 

Q.  Does  ligJitning  never  produce  a  flash 
when  it  passes  through  a  conditotoe  ? 

A.  No  :  electricity  passes  through  all 
lonductors  in  a  quiet  and  invisible  form. 

Q.  WJig  does  LiaHTNiNQ-  sometimes  kilIi 
men  and  beasts  ? 

A.  Because  (when  the  electric  current 
passes  through  a  man  or  beast)  it  pro- 
duces so  violent  an  action  upon  the  nerv&s, 
as  to  destroy  life. 

Q.  'Woes  is  a  person  struck  dead  iy 
ligJitning  ? 

A.  Only  when  his  body  forms  a  part 
of  the  lightnings  path;  i.e.,  when  the 
electric  fluid,  (in  its  way  to  the  earth) 
actually  passes  through  his  body. 

Q.  Wkg  are  animals  sometimes  htjet  bg 
lightning,  and  not  killed  ? 

A.  Because  the  amount  of  electric 
fluid  which  passes  through  their  bodies, 
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is  enough  to  injure  them,  but  not  to 
destroy  life. 

Q.    What  is  thunder  ? 

■  A.  The  noise  made  by  the  concussion 
of  the  air  when  it  closes  again,  after  it 
has  been  parted  by  the  hghtning  flash. 

A  part  of  the  noise  is  owing  to  certain  physical  and  chemical 
changes  produced  in  the  air  by  the  electric  fluid. 

Q.     Why  is  THUNDEB  sometimes  one  vast 

CEASH  ? 

A.  Because  the  hghtning- cloud  is 
near  the  earth,  so  that  all  the  vibrations 
of  the  air  (on  which  sound  depends) 
reach  the  ear  at  the  same  moment,  and 
seem  like  one  vast  sound. 

Q.  Why  is  the  peal  sometimes  an  ieeegti- 
LAE  hrohen  eoae  ? 

A.  Because  the  lightning- cloud  is  a 
long  way  off ;  and  as  some  of  the  vibra- 
tions of  the  ak  have  further  to  travel  than 
others,  they  reach  the  ear  at  different 
times,  and  produce  a  continuous  sound. 


THUNDER. 


9 


Q.     Which  vibrations  willhe^OO'^'^^T  heard? 

A.  Those  produced  in  the  lowest  por- 
tions of  the  air. 

Q.  Why  will  those  vibrations  be  heard  fiest, 
which  are  made  last  ? 

A.  Because  the  flash  is  almost  in- 
stantaneous;  but  the  sound  takes  a 
whole  second  of  time  to  travel  380  yards. 

Q.  If  a  thunder-cloud  were  1900  i/ards  of, 
how  long  would  the  peal  last  ? 

A.  Five  seconds  :  we  should  ^rsi  hear 
the  vibrations  produced  in  those  portions 
of  the  air  contiguous  to  the  earth;  then 
those  more  remote :  and  it  would  be  five 
seconds  before  those  vibrations  reached 
us,  which  were  made  in  the  immediate 
vicinity  of  the  cloud. 

380  X  5  =  1900. 

This  illustratton  supposes  the  lightning  to  flash  directly  from  the 
cloud  to  the  listener. 

Q.     Will/  is  THTJNDEB  Sometimes  like  a  deep 


10 


THUNDER. 


A.  Because  the  storm  is  far  distani 
and  the  sound  of  the  thunder  is  indistinct. 

Q.     Koto  is  the  sound  of  thunder  affected 
LOCAL  circumstances  ? 

A.  The  fiatUr  the  country,  the  more 
unbroken  the  peal.  Mountaim  serve  to 
lrea]i  the  peal,  and  make  it  hai'sh  and 
irregular. 

Q.    What  is  the  cause  o/eollhtg  thtjndee  ? 

A.  The  echoes  of  the  peal  rever- 
berating amongst  masses  of  cloud  and 
terrestrial  objects. 

Q.  Why  is  a  fiash  of  lightning  generally 
followed  ly  poueing  eain  ? 

A.  Because  it  produces  a  change  in 
the  'physical  condition  of  the  an-,  rendering 
it  unable  to  hold  so  much  water  m 
solution  as  it  could  before;  in  conse- 
quence of  which,  a  part  is  given  oflf  m 
heavy  rain. 

Q.  Why  is  a  flash  of  lightning  generally 
followed  ly  a  gttst  of  wind  ? 

A.    Because  the  phjsical  con^'Hon  of 
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the  air  is  disturbed  by  the  passage  of  the 
Idghtning,  and  wind  is  the  result  of  this 
distui'bance. 

Q.     W/ii/  is  there  no  thtmder  to  what  is  called 

StrnMim  LIGHTNING  ? 

A.  Because  the  Hghtning- clouds  are 
so  far  distant,  that  the  sound  of  the 
thunder  is  lost,  before  it  reaches  the  ear. 

Q.  Do  THTTNDEB-BOLTS  over  drop  from  the 
clouds  ? 

A.  No  :  the  notion  of  thunder-bolts 
arises  from  the  glohular  form  which 
lightning  somethnes  assumes. 

Q.     Wliy  is  thunder  often  several  moments 

ATTEB  the  TLASH  ? 

A.  Because  it  has  a  long  way  to  come. 
Lightning  travels  nearly  a  million  times 
faster  than  thunder;  if,  therefore,  the 
thunder  has  a  long  ivaij  to  come,  it  Avill 
not  reach  the  earth  till  a  considerable 
time  after  the  flash. 

Q.  Wliy  can  loe  tell  the  distance  of  a  thun- 
der cloud,  hj  observing  the  interval  which  elapses 
between  the  Jlash  and  the  peal  f 
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A.  Because  the  flash  is  instantaneous ; 
but  thunder  will  take  a  whole  second  of 
time  to  travel  380  yards ;  hence,  if  the 
flash  be  five  seconds  before  the  thunder, 
the  cloud  is  1900  yards  off. 

The  speed  of  lightning  is  so  great,  that  it  would  go  480  times- 
round  the  earth  in  one  niinute ;  -whereas  thunder  would  go  scarcely 
IS  miles  in  the  same  space  of  time. 

Q.     What  PLACES  are  most  dangerous  during 

a  STOEM  ? 

A.    It  is  very  dangerous  to  be  near  a 

tree,  or  lofty  building;  a  river,  or  any 

running  water. 

Q,  Why  is  it  danqebous  to  he  ne  ah  a  teee 
or  lofty  huilding,  during  a  thunder-storm  ? 

A.  Because  a  tall  object  (like  a  ti-ee 
or  spire)  will  frequently  discharge  a 
Hghtning- cloud ;  and  if  any  one  were 
standing  near,  the  Hghtning  might 
diverge  from  the  tree,  and  pass  through 
the  fluids  of  his  body. 

Q.     Sow  can  a  tbee  or  bpibe  dischaege  a 
lightning-cloud  ? 

A.    A  hghtning-cloud  (floating  over 
a  j^lain)  may  be  too  Jar  off  to  be  dis- 
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charged  by  it;  but  as  a  tree  or  spire 
would  shorten  this  distance,  it  might  no 
longer  be  too  far  off  to  be  dischai'ged. 

For  example— if  a  lightning-cloud  -were  700  yards  above  a  con- 
ductor, it  -would  be  too  far  oj:^'tobe  discharged ;— but  a  tree  or  spii-e 
50  vards  high,  would  make  the  cloud  only  650  yards  off  a  conductor ; 
in  consequence  of -which,  the  cloud  might  he  instantly  discharged. 

Q.  Will/  tooiild  lightning  fly  from  a  tree  or 
spire,  into  a  man  standing  near  ? 

A.  Because  the  electric  fluid  always 
chooses  for  its  path  the  hest  conductors; 
and,  if  the  human  fluids  proved  the 
better  conductor,  it  would  pass  through  a 
man  standing  near  the  tree,  rather  than 
down  the  tree  itself. 

.  There  -would  be  no  danger  if  the  tree  nr  spire  -were  made  of  metal 
because  metal  is  a  better  conductor  than  the  human  iluids. 

Q.  Does  liglitning  go  througli  tJie  inside,  or 
down  the  outside  of  a  tree  ? 

A.  It  runs  down  a  tree  between  the 
bark  and  the  wood,  where  the  sap  is  most 
abundant. 

Q.  Why  does  lightning  talce  its  course  he- 
ttveen  the  bark  and  loood  of  a  tree  ? 

A.    Because  it  makes  choice  of  the 

0 


14 


DANGER 


best  conductors ;  and  this  part  of  a  tree 
is  best  suited  for  a  conductor. 

Q.     Why  does  lightning  pass  through  the 
INSIDE  of  a  man  ? 

A.  Because  the  fluids  of  the  human 
body  make  a  better  conductor  than  the 
zkin  ;  therefore,  hghtning  passes  through 
a  man,  and  not  down  his  skin. 

Q.  Why  is  it  dakgeeous  to  he  near  water 
during  a  thunder-storm  ? 

A.  Because  water  is  a  good  con- 
ductor; and  hghtning  ahvays  takes  in 
its  course  the  hest  conductors. 

Q.  Why  is  it  dangerous  for  a  man  to  le 
NEAE  WATEE,  in  o  thunder-storm  T 

A.  Because  the  height  of  a  man  may 
be  suf&cient  to  discharge  a  cloud :  and 
(if  there  were  no  taller  object  nigh)  the 
Hghtning  might  make  the  man  its  con- 
ductor  to  the  water. 

Bee  the  first  note  on  p.  IS. 

Q.     Why  is  it  dangerous  to  remain  in  a 
OHUECH-SXEEPLB,  durinq  a  thmder-storm  i 
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A.    Because  the  church  steeple  is  a 

tall  object,  and  composed  of  imperfect 

conductors. 

Q.  Are  iron  houses  dangerous  during  a 
storm?  • 

A.    No.    Because  the  metal  walls 

will  convej  the  electric  fluid  harmlessly 

to  the  ground. 

Q.  What  PAETS  of  a  huilding  should  ie 
avoided  during  a  thunder-storm  ? 

A.  Those  connected  with  the  roof  by 
a  continuous  line  of  conducting  sub- 
stances, but  which  have  no  outlet  of 
conductors  downwards. 

Such  as  the  itove  with  its  column  of  ascending  smoke. 

Q.  Why  has  the  stove  no  outlet  of  conductors 
downwards  ? 

A.  Because  it  stands  upon  stone, 
and  is  embedded  in  bricks ;  both  of 
which  are  non-conducting  substances. 

Q.  Would  lightning  leave  the  stove  and 
strike  a  person  standing  near  it  ? 

A.  It  might,  if  by  this  means  a  more 
direct  passage  were  offered  to  some 
conducting  substances. 

9% 
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Q.     When  does  lightning  pass  teom  the 

EAETH  to  the  CLOUDS  ? 

A.  One  kind  of  electricity  always 
passes  uptoards  to  the  clouds,  whenever 
the  other  land  passes  downwards  to  the 
earth. 

Q.  TTJiich  kind  of  electricity  passes  dowk- 
WAEDS,  from  the  clouds  to  the  earth  ? 

A.  Generally  the  vitreous,  but  occa- 
sionally the  resinous. 

Q.  Which  Jcind  of  electricity  passes-  UP- 
■WAEDSj/roOT  the  earth  to  the  clouds? 

A.  Generally  the  resinous,  but  occa- 
sionally  the  vitreous. 

Q.     Why  is  viteeous  electricity  so  called  ? 

a'.  Because  it  was  fii'st  procured  by 
rubbing  glass. 

ntreoiis  is  a  Latin  word,  meaning  "of  the  natare  or  property  ol 

Q      Why  is  EESiNOTJS  electricity  so  cauea_  f 
A.    Because  it  was  first  procured  by 
rubbing  resinous  substances. 

0      Are  there  any  other  names  ly  lohich  the 
vitZus  and  resinous  electricities  arc  also  known  ? 

A.    They  are  sometmies  caUed  posi- 
tive and  negative  electiicities. 

So  caUed  by  Dr.  Fiunklin  and  his  disciples. 
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Q.  Wliy  were  the  terms  "positive'^  and 
"negative"  employed  to  express  conditions  of 
electricity  ? 

A.    Because   the   early  electricians 

conceived  that  there  were  not  two  hinds, 

but  only  two  states  of  electricity ;  the 

one  marked  by  a  superabundance,  and 

the  other  by  a  deficiency,  of  one  and 

the  same  fluid. 

Q.  WTiy  is  it  dangerous  to  lean  against  a 
WAiili  during  a  tli  under-storm  ? 

A.  Because  the  electric  fluid  will 
sometimes  run  down  a  wall ;  and  would 
leave  the  loall  to  run  down  the  man, 
because  he  is  a  better  conductor. 

Q.  WTiy  is  it  dangerous  to  EiifG  a  bell 
during  a  thunder-storm  ? 

A,  Because  bell-wire  is  an  excellent 
conductor  ;  and  the  electric  fluid,  passing 
down  the  wire,  might  run  through  our 
hand  and  injure  us. 

Q.  Why  would  the  lightning  run  through  a 
man  touching  a  hell-handle  ? 

A.  Because  the  human  body  is  a 
better  conductor  than  the  loall  (between 
the  bell-handle  and  the  floor);  and  as 

08 


18 


DANGER 


lightning  always  chooses  the  hest  con- 
ductor for  its  path,  it  would  (in  this  case) 
pass  through  the  man,  and  injure  him. 

Q.  Why  is  it  dangerous  to  bae  a  shutteb 
during  a  tlimider-storm  ? 

A.  Because  the  iron  shutter-har  is  an 
excellent  conductor ;  and  the  electric  fluid 
might  run  from  the  bar  through  the  person 
touching  it,  and  injure  him.  • 

Q  Why  is  it  dangerous  to  le  in  a  ceowd 
duritig  a  thunder-storm  ? 

A.  For  two  reasons:  1st — Because 
a  mass  of  people  forms  a  larger,  and  a 
better  conductor,  than  an  individual: 
and 

Sndly — Because  the  vapour  arising 
from  a  crowd  increases  the  conducting 
power  of  the  air  above. 

Q.  Why  is  a  mass  of  bodies  a  better  con- 
ductor than  a  single  body  ? 

A.  As  each  living  body  is  a  conductor 
of  electricitij,  a  connected  mass  of  people 
would  afford  a  readier  passage  for  a 
larger  quantity  of  electricity,  than  a  single 
individual 
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Q.  Wliy  is  danger  increased  hy  tlie  yapotje 
toTiicli  rises  from  a  croiod? 

A.  Because  vapour  is  a  conductor, 
and  would  lead  the  electricity  down 
towards  the  crowd, 

Q.  Wliy  is  a  theatee  dangerous  during  a 
thunder-storm  ? 

A.  Because  the  crotvd,  and  great 
vapour  aiising  from  so  many  living 
bodies,  render  it  an  excellent  conductor 
of  lightning. 

Q.  Why  is  a  eiock  of  sheep  in  greater 
danger  than  a  smaller  number  ? 

A.  1st — Because  each  sheep  is  a 
conductor'  of  hghtning,  and  the  conduct- 
ing power  of  the  fiock  is  increased  by  its 
numbers :  and 

2iidly — The  vapour  arising  from  a 
flock  of  sheep  increases  the  conducting 
power  of  the  air  above. 

Q.  Why  is  a  heed  of  cattle  in  danger  during 
a  slorm  ? 

A.  1st — Because  the  number  of  living 
bodies  increases  the  conducting  power  of 
then'  animal  fluids  :  and 


20 


DANGER 


2nclly-  -The  vapour  arising  from  a  herd 
increases  its  conducting  power, 

Q.  If  o>  person  be  abroad  in  a  thtmder- 
storm,  what  place  is  the  safest  ? 

A.  Any  place  about  20  or  30  feet 
from  some  tall  tree  or  building ;  if  it  be 
not  near  to  running  water. 

Q.  Wliy  would  it  be  safe  to  stand  20  or  30 
feet  from  some  tall  tree,  in  a  thunder-storm  ? 

A.  Because  the  lightning  would 
always  choose  the  tall  tree  as  a  con- 
ductor ;  and  we  should  not  be  sufficiently 
near  the  tree,  for  the  Hghtning  to  diverge 
from  it  to  us. 

Q.  If  a  person  be  in  a  CAimiAGE  in  a 
thunder-storm,  in  what  way  can  he  travel  most 

BAFELT  ? 

A.  He  should  not  lean  against  the 
carriage ;  but  sit  upright  mthout  touch- 
ing any  of  the  four  sides. 

Q.  Wliy  should  not  a  person  lean  AGAiifST 
the  carriage  in  a  storm  ? 

A.  Because  the  electric  fluid  might 
run  down  the  sides  of  the  carriage  ;  and 
(if  a  person  were  leaning  against  them) 
would  make  choice  of  him  for  a  conductor, 
and  perhaps  desti'oy  life. 
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Q.  Why  is  tlie  middle  of  a  room  more  safe 
than  any  other  part  of  it,  in  a  thunder-storm? 

A.  Because  the  lightning  (if  it  struck 
the  room  at  all)  would  come  down  the 
chimney  or  walls  of  the  room;  and 
therefore,  the  fm-ther  distant  from  these 
the  better. 

Q.       Why  is  a  MATTEESS,  BED,  Or  HEAETH- 

EUG  a  security,  to  a  certain  extent,  against  i7ijury 
from  liyhtnincj? 

A.  Because  they  are  all  non-con- 
ductors ;  and,  as  lightning  always  makes 
choice  of  the  best  conductors,  it  would  not 
choose  for  its  path  such  things  as  these. 

Q.  Is  an  tkQlS  bedstead  dangerous  in  a 
storm  ? 

A.  No  ;  for  it  is  so  good  a  conductor 
that  the  electricity  would  pass  down  it  in 
preference  to  the  animal  fluids. 

Q.  Is  a  man  in  metal  aemoite  in  danger 
from  lightning  ? 

A.  No ;  for  the  armour  is  so  good  a 
conductor  that  the  electricity  would  pass 
along  it  in  preference  lo  the  l^uids  of 
tlie  human  body. 
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Q,  Why  do  PIECES  OF  metal,  sucJi  as  Jceyg, 
toatches,  rincjs  and  hrooclies,  carried  about  th* 
person,  increase  the  danger  from  lightning  ? 

A.  Because  they  offer  strong  induce- 
ment to  the  electricity  to  td^ie  tliern  in  its 
path,  but  do  not  extend  far  enough  to 
conduct  it  to  the  earth. 

Q.  Is  it  letter  to  be  wet  or  dry  during  a 
storm  ? 

A.  To  be  wet :  if  a  person  be  in  any 
open  field,  the  best  thing  he  can  do,  is 
to  stand  about  20  feet  from  some  tree, 
and  get  completely  drenched  to  the  shin. 

Q.  TVhy  is  it  better  to  be  wbt  than  dry  in 
a  storm  ? 

A.  Because  wet  clothes  will  conduct 
the  discharge  hai^mlessly  over  the  surface 
of  the  body. 

Dr.  Franklin  found  that  lie  could  not  destroy  a  wet  rat  by  elec- 
tricity artificially  accumulated,  although  he  could  a  dry  one. 

Q.  What  should  a  rEAEEUL  person  do,  in 
order  to  be  most  sectjeb  in  a  storm  ? 

A.  Draw  his  bedstead  into  the  middle 
of  his  room,  commit  himself  to  the  care 
of  God,  and  go  to  bed;  remembering 
that  our  Lord  has  said,  "  The  very  hairs 
of  your  head  are  all  numbered." 
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K.  B.  No  great  danger  needs  really  to  be  apprehended  from  light- 
ning, if  you  avoid  taking  your  position  near  tall  trees,  spires,  or 
other  elevated  objects. 

Q.     Wliat  is  a  LiaHTNiKa-coBriiTJOTOfi  ? 

A.  A  metal  rod  J&xed  in  the  earth, 
running  up  the  whole  height  of  a  build- 
ing, and  rising  in  a  point  above  it. 

The  point  of  a  conductor  should  rise  well  into  the  air,  and  be 
made  tiiapgular,  like  a  bayonet. 

Q.     What  metal  is  the  lest  for  this  purpose  f 

A.  Copper. 

Q.     Why  is  OOPPEE  letter  than  iron  ? 

A.  1st — Because  it  is  a  better  con- 
ductor than  iron,  and  therefore  not  so 
easily  fused  by  hghtning  :  and 

Sndly — It  is  not  so  much  injured  by 
weather. 

N.B.  Electricity  does  not  produc.e  heat  when  it  passes  through  a 
good  conductor ;  heat  only  appears  when  the  free  passage  of  the 
electric  matter  is  obstructed. 

The  following  numbers  express  the  relative  value  of  several  kinda 
of  metal,  in  conducting  electricity : 

Lead  1.— Iron  2|.— Zinc  4.— Copper  12.   Copper  is,  therefore,  5 

times  better  as  a  conductor  of  lightning  than  iron. 

Q.     What  is  the  use  of  a  Ugh  tning-conductor  ? 

A.  It  furnishes  a  path  for  the  passage 
of  lightning,  which  will  run  down  a  metal 
rod  rather  than  the  walls  of  a  building, 
because  metal  is  a  better  conductor. 
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Q.  Hoio  FAR  does  the  leneficial  influence 
of  a  lightning-conductor  extend? 

A.  This  has  not  been  accurately 
determined;  but  one  conductor  will 
sufficiently  protect  a  building  of  ordinary 
extent. 

Q.  Wliy  are  not  lightning-conductors  more 
generally  used  ? 

A.    Because   many    accidents  have 

arisen   from    conductors    of  defective 

construction. 

Q.  Hoio  can  lightning-conductors  le  pro- 
ductive of  HARM  ? 

A.  If  the  rod  be  hrohen  by  weather 
or  accident,  the  electric  fluid  (being 
obstructed  in  its  path)  may  damage  the 
building. 

Q.  If  the  rod  le  unlroJcen,  is  any  evil  to  he 
apprehended  from  it  ? 

A.  Not  if  the  rod  be  thick  enough  to 
conduct  the  lulioU  current  to  the  earth  : 
But  if  too  small  for  this  purpose,  the 
hghtning  will  fuse  the  metal,  and  injm-e 
the  building. 

If  copper  be  emploj-ed,  the  diameter  of  the  rod  should  be  half  aa 
Inch.    An  iron  rod  should  be  somewjut  tuicker. 
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Q.  Hoio  does  LienTNiNG  sometimes  knock 
DOWN  houses  and  churches  ? 

A.  The  steeple,  or  chimney  is  first 
stnick;  the  hghtning  then  darts  to  the 
hon  bars  and  cramps,  employed  in  the 
building;  and  (as  it  darts  from  bar  to 
bar)  shatters  the  bricks  and  stones, 
which  oppose  its  progress. 

Q.  Tell  me  how  St.  Bride's  Church  (London) 
was  nearly  destroyed  hy  lightning,  about  100  years 
ago. 

A.  The  lightning  first  struck  the 
metal  yane  of  the  steeple,  and  ran  down 
the  rod ;  it  then  darted  to  the  iron 
cramps,  employed  to  support  the  build- 
ing; and  (as  it  flew  from  bar  to  bar) 
smashed  the  stones  which  lay  between. 

Q.  Why  did  the  lightning  fly  alout  from 
place  to  place,  and  not  pass  down  in  a  straight 
course  ? 

A.  Because  it  always  takes  in  its 
course  the  hcst  conductors;  and  will  fly 
both  right  and  left,  in  order  to  reach  them. 

Q.     Why  does  hghtning  turn  milk  soub,? 

A.  Because  it  produces  a  disturbance 
in  the  electrical  condition  of  milk  which 

It 
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causes  the  complex  organic  body  to  de- 
compose, and  consequently  to  turn  sour. 

Q.  Is  NIT.EIO  AOLD  ever  formed  in  the  air 
iy  lightning  ? 

A.  Yes.  The  chemist,  Liebig,  found 
nitric  acid  in  17  specimens  of  rain-water, 
collected  immediately  after  thunder-storms  : 
although  in  58  specimens,  collected  at 
other  times,  no  traces  could  be  found. 

Q.     What  is  nitric  acid  ? 

A.  The  gases,  nitrogen  and  oxygen, 
chemically  united  together,  in  the  pro- 
portions of  one  part  of  the  former  to 
five  parts  of  the  latter.  (N  O5) 

Q.  Where  do  the  oxygen  and  nitrogen  come 
from,  that  are  formed  into  nitric  acid  by  lightning  ? 

A.  The  air  itself  is  composed  of 
oxygen  and  nitrogen  mechanicalhj  min- 
gled togetlier.  The  passing  hghtning 
has  the  power  of  making  a  portion  of 
these  combine  chemically. 

Q,  What  is  the  deference  between  chemical 
union  and  mechanical  admixture  i 
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A.  In  a  chemical  union,  the  properties 
of  the  mingled  bodies  are  altered.  In  a 
mechanical  admixture,  they  are  not. 

Different  coloured  sands  shaken  together  in  a  bottle  mix  mechan- 
ically. ■'iVater  poured  on  quick-lime  unites  ■with  it  chemically. 

Q.       Why  does  LIGHTNIKG-  tum  BEEE  SOTTE, 

although  contained  in  a  close  cask  ? 

A.    Because,  if  beer  be   new  and 

the  process  of  fermentation  incomplete, 

lightning  so  accelerates  the  process,  as 

to  tum  the  sugar  into  acetic  acid  before 

it  has  passed  through  the  intermediate 

state  of  alcohol. 

Q.  Why  is  not  olb  beee  and  STEONa 
POETEE  made  SOUE  hy  lightning  ? 

A.  Because  the  fermentation  is  more 
complete  ;  and,  therefore,  is  less  affected 
by  electrical  influence. 

Q.  Why  is  METAii  sometimes  rusED  ly 
lightning  ? 

A.  Because  the  surface  of  the  metal 
is  too  small  to  aflford  a  path  for  the 
electric  current. 

Q.  Why  does  lightning  ptjeiet  the  aie  ? 
A.    For  two  reasons:  1st — Because 

D  2 
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the  electric  fluid  produces  nitric  acid 
in  its  passage  through  the  air ;  and 

2ndly — Because  the  agitation  of  the 
storm  stirs      the  air. 

The  "nitric  acid"  is  produced  bv  the  combination  of  some  por^ 
tions  of  the  oxygen  and  nitrogen  of  the  air.* 

Q.  How  does  the  production  of  nitric  acid 
PUJiirY  the  air  ? 

A.    Nitric  acid  acts  verj  powerfrJl}'  in 

destroying  the  exhalations,  which  arise  from 

putrid  vegetable  and  animal  matters. 

Q.  Whi/  is  LianTNiNG  7nore  common  in 
BUMMEE  and  AUTUMN,  than  in  spring  and  winter  ? 

A.  Because  the  heat  of  summer  and 
autumn  produces  great  evaporation;  and 
tlie  conversion  of  water  into  vapour  always 
developes  electricity. 

Q.  Why  does  a  thundee-stoem  generally 
follow  very  dry  weather  ? 

A.  Because  dry  air  (being  a  non- 
conductor) will  not  reheve  the  clouds  of 
then  electiicity ;  so  the  fluid  accumulates, 
till  the  clouds  are  discharged  in  a  storm. 


•  The  oxygen  and  nitrogen  are  not  combined,  but  pimply  mixrd 
in  the  ordinary  air ;  but  lightning  causes  some  portions  cf  the  miscil 
elements  to  combine. 
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Q,  Why  does  a  thttitdeb-stoem  rarely 
succeed  wet  weather  ? 

A.  Because  moist  air  or  falling  rain 
(being  a  conductor)  carries  down  the 
electric  fluid  gradually  and  silently  to 
the  earth. 

Q.  Why  is  ELECTEiciTT  excited  hy  teic- 
Tiojr  ? 

A.  Because  friction  disturbs  the 
equihbrium  of  the  two  fluids ;  which 
remain  no  longer  quiescent,  but  separate 
fi'om  each  other. 

When  this  disturhance  takes  place,  the  two  fluids  are  said  to  be 
In  "a  free  state." 

Q.  JVhy  is  a  teee  sometimes  scorched  hy 
lightning,  as  if  it  had  been  set  on  fire  ? 

A.  Because  it  obstructed  the  course 
of  the  electric  fluid,  in  its  way  to  the 
earth;  and  when  electricity  is  obstructed 
in  its  path,  it  gives  out  great  heat. 

This  would  be  especially  the  case  in  old  knarled  oaka,  and  dry 
sapless  trunks,  which  would  be  but  very  imperfect  conductors. 

■  Q.  Why  is  the  baek  of  a  teee  often  ripped 
quite  off  hy  a  flash  of  lightning  ? 

A.  Because  some  obstruction  is  offer- 
ed to  the  electric  fluid  in  its  passage  down 
the  tree,  and  the  bark  is  ripped  ofl"  by  the 
mechanical  violence  of  the  resisted  flash. 
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Q.  Why  are  Bouans  of  tuees  broken  off 
J)y  lightning  ? 

K.  Because  the  mechanical  force  of 
lightning  is  veiy  great;  and,  as  the  boughs 
of  a  tree  are  imperfect  conductors,  they 
will  often  be  broken  off  by  this  force. 

Q.     Why  is  an  electric  shock  felt  most  at 

the  EL'BOW-JOINT  ? 

A.  Because  the  path  of  the  fluid  is 
obstructed  hy  the  joint :  The  shock  (felt 
at  the  elbow)  is  caused  by  the  fluid 
leaping  from  one  hone  to  another. 

Q.     Is  electricity    accompanied  with  any 

ODOUB,? 

A.  Yes ;  near  a  large  electrical  ma- 
chine in  good  action,  there  is  always  a 
peculiar  odour,  resembling  sulphur  and 
phosphorus;  this  odour  is  called '*  Ozone." 

Promounce  o-zonb,  in  two  syllables. 

Q.  Sas  this  peculiar  odour,  called  "  OzoSTE," 
been  observed  in  thunder-storms  ? 

A.  Yes ;  at  times  the  sulphurous  odour 
prevails,  and  sometimes  the  phosphoric. 

If  the  gaseous  body  disengiigecl  by  liffUtning,  rpaches  us  in  a  con- 
centratcd  form,  the  odour  is  sulpiiuiious  ;  if  in  a  Uilutcd  form,  it  is 

PHOSPHOiaC. 

Q,     What  are  ftjl'gttrites  ? 
A.    Hollow  tubes  produced  in  sandy 
soils  by  the  action  of  lightning. 
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Q.     Soio  does  liqJitning  produce  fulgurites  ? 

A.  When  it  enters  the  earth,  it  fuses 
the  flinty  matter  of  the  soil  into  a  vitreous 
(or  glassy)  subs.tance,  called  a  fulgurite. 

Q.  _  Hoio  does  lightning  sometimes  affect  tho 
character  of  ieojt  and  steel  ? 

A.  Bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  lightning. 

Q  Crive  an  instance  of  the  magnetic  effects 
of  lightning. 

A.  Sometimes  it  will  reverse  the  mag- 
netic needles  of  the  electric  telegraph, 
and  sometimes  destroy  their  magnetism 
altogether. 

Q.  What  is  meant  hy  the  magnetic  needles 
heing  eeyeesed  ? 

A.    That  part  of  the  needle  which 

ought  to  point  towards  the  north,  is  made 

to  point  towards  the  south  ;  and  that  part 

which  ought  to  point  south,  is  made  to 

point  towards  the  north. 

Q.  Eoio  does  lightning  act  upon  the  magnetio 
needles  of  the  electric  telegraph  ? 

A.  The  electric  fluid  is  conveyed 
along  the  conducting  wu"es  round  the 
telesraphic  needles. 
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CHAPTER  III. 

Q.     What  is  the  third  source  of  heat  f 

A.    Chemical  Action. 

Q.  What  is  meant  hy  chemical  action  being 
the  source  of  heat  ? 

A.  Many  things,  when  their  chemical 
constitution  is  changed,  (either  by  the  ab- 
straction of  some  of  their  gases,  or  by  the 
combination  of  others  not  before  united) 
evolve  ]uat^  while  the  change  is  going  on. 

Q.     Explain  ly  illustration  what  you  mean. 

A.  Water  is  cold  and  sulphuric  acid  is 
cold;  but  if  these  two  cold  hquids  be  mixed 
together,  they  will  produce  great  heat. 

Q.  Why  does  COLD  WA.TEB,  poured  on  iime, 
produce  great  heat  ? 

A.  Because  the  water  unites  with 
the  lime ;  and  becoming  solid,^  gives  off 
that  heat,  which  was  necessary  to  retain 
it  in  a  fluid  state. 

N.B. — Heat  is  always  evolved,  wlien  a  fluid  is  conTerted  into  a 
solid  form.  Heat  is  always  absorbed,  when  a  solid  is  changed  into 
a  liquid  state. 

Q.     Where  does  the  heat  come  from  ? 

A.  It  was  in  the  water  before ;  but 
was  in  a  latent  state. 
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Q.  Was  there  heat  in  the  cold  water  and 
lime,  lefore  they  were  mixed  together  ? 

A.  Yes.  All  bodies  contain  heat; 
the  coldest  ice,  as  well  as  the  hottest  fire. 

Q.    Is  there  heat  even  in  ice  ? 

A.  "Yes;  but  it  is  laimt  (i.e.  not 
j>erceptible  to  our  senses). 

Latent,  from  the  Latin  word,  Lateo  (to  lie  hid). 

Q.  Sow  do  you  KNOW  there  is  heat,  if  you 
cannot  peeceive  it  ? 

A.    Thus:   if  a  pound  of  ice,  32 

degrees  of  temperature,  be  melted  over 

a  fire,  although  140  degrees  of  heat 

ai-e  absorbed  by  the  process,  yet  the 

temperature  is   not  increased'  in  the 

shghtest  degree. 

The  melted  ice  will  still  be  32  °  and  not  172". 

Q.  What  becomes  of  the  140"  of  heat  which 
went  into  the  ice  to  melt  it? 

A.  They  are  hidden  in  the  water; 
or. stored  up  in  a  latent  state. 

Q.  How  much  heat  may  he  thus  secreted  or 
made  latent? 

A.  The  quantity  varies  in  different 
substances;  but  in  water,  as  much  as 
1 140°  of  heat  may  remain  latent. 
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Boio  can  1140  °  0/  Jieat  he  added  to  water 
without  leing  perceptible  to  our  feelings  P 

A.  1st— 140°  of  heat  are  hidden  in 
water,  when  ice  is  melted  by  the  sun  or 
fire :  and 

Sndly — 1000°  more  are  secreted,  when 
water  is  converted  into  steam.  Thus, 
before  ice  is  converted  into  steam,  1140° 
of  heat  become  latent. 

m^'^?^!^A*^"°  Jiotter  than  ooiUng  -water,  both  are  212  degrees. 
The  1000  degrees  of  heat  referred  to  are  all  emploved  in  holding 
the  Bteam  m  its  vapoury  or  gaseous  form,  just  as  the  140  degrees  of 
heat  absorbed  by  the  melted  ice  were  employed  in  holding  the  8oUd 
ice  in  the  hqutd  form. 

Q.    Ifoiv  can  we  he  made  to  rEEL  the  heat  of 

ICE  or  SNOW  ? 

A.  Into  a  pint  of  snow  put  half  as 
much  salt ;  then  plunge  your  hands  into 
the  hquid;  and  it  will  feel  so  intensely 
cold,  that  the  snow  itself  will  seem  warm 
in  comparison  to  it  {see  p.  377 J. 

Q.  Is  SALT  and  snow  really  coldee  than 
snow  ? 

A.  Yes,  many  degrees ;  and  by  dip- 
ping  your  hands  into  the  mixture  /f.sf, 
and  into  snow  afterwards^  the  snow  will 
seem  to  be  comparatively  warm. 
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Q.     WTiat  is  riEE  ? 

A.  Heat  and  light,  produced  by  tlie 
combustion  of  inflammable  substances. 

Q.     Sow  is  HEAT  evolved  hy  conibustion  ? 

A.  By  chemical  action.  As  latent 
heat  is  liberated,  when  water  is  poured 
upon  Hme,  by  chemical  action;  so  latent 
heat  is  hberated  in  combustion,  by  chem- 
ical action  also. 

Q.  What  CHEMiOAii  ACTioiT  talces  place  in 
comhustion  ? 

A.  The  elements  of  the  fuel  separate 
from  each  other,  and  combine  with  the 
oxygen  of  the  air. 

Q.     What  are  the 'EIjEME'STS  of -FXJlEjj  7 

A.    Carbon,  hydrogen,  and  oxygen, 

together  with  certain  mineral  substances 

found  in  the  ashes. 

Q.  What  are  the  elements  of  atmospheric 
AIE  ? 

A.  Oxygen  and  nitrogen,  mixed  toge- 
ther in  the  following  proportions  : — Four 
gallons  of  nitrogen  and  one  of  oxygen 
will  make  5  gallons  of  common  air. 

Air  contains  smaU  quantities  of  carbonic  acid  gas  and  ammonia, 
Bi  also  vapour  of  water. 

Q.     What  is  CAEBON  ? 
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A.  The  solid  part  of  fuel.  Carbon 
abounds  in  all  animal  bodies,  earths, 
and  in  some  minerals. 

Q.    Mention  some  different  species  o/'cabboit. 

A.  Common  charcoal,  lamp-black, 
coke,  and  the  diamond. 

Q.       What  is  HYDROGEN? 

A.  An  indammable  gas.  The  gas 
used  in  our  streets  is  hydrogen  driven 
out  of  coals  hy  heat. 

Coal  gas  (more  correctly  spoaking)  is  carburetted  hydrogren,  i.e. 
carbon  and  hydrogen.    See  p.  293. 

Q.  What  are  the  characteristics  of  hydrogen 
gas  ? 

A.  1st — It  is  the  iigiitest  of  all  known 
substances : 

.2ndly — It  will  burn  immediately  it  is 
ignited :  and 

3rdly— A  lighted  candle  (immersed  in 
it)  will  be  histantly  extinguished.* 

•  Hydrogen  gas  mav  be  made  thus :— Put  some  piece  of  zinc  or 
iron  filings  into  a  glass;  pour  over  them  a  link-  !-ulpliinic  acid 
(vitriol),  diluted  with  twice  the  quantity  of  water  ;  thou  cover  the 
glass  over  for  a  few  minutes,  and  hydrogen  gas  will  be  given  off. 

F.XPERIMKNTt. 

If  a  flame  he  put  into  the  glass,  an  explosion  will  be  made. 

If  the  i  xperimcnt  he  tried  in  a  phial,  which  has  a  piece  of  tobacco- 
pii  e  run  through  the  cork,  and  a  light  held  for  a  few  moments  to 
the  top  of  the  pipe,  PLAJiK  will  be  made.  •  a  .  ••  , 

If  a  balloon  be  held  over  the  phial,  (so  that  the  gas  can  inflate  it,  I 
ibe  balloon  will  ascend  in  a  very  few  miuules. 
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Q.       What  is  OXYGEN  ? 

A.  k  gas,  much  heavier  than  hydro- 
gen ;  it  gives  brilliancy  to  flame,  and  is 
essential  to  animal  life.* 

Q.       What  is  NITROGEN  ? 

_A._  -An  invisible  gas,  which  is  the 
prmcipal  mgrechent  of  common  air:  it 

-iC^h  Jl^''  F%  ^  ^'^'^^  '"'"■^  troublesome  to  make  than  hvclroirPT, 

cork  ,ith  lard  or  wax,  and%tetas',:illUecrtm"^^^^^^^^^^^ 

in  am^tJr^L*l?'a™c^^°^^  S''^'  ^«  '°  '^"^  '"S^ther 

chlorate  of  potassa  Tut  thl?^  ,      ■'"I'l'"'  '^"^  ^""^^  '^"i  """'^e;  of 

oiide  of  copperO  '^'^'Mier;  the  scales  that  peel  off;  are 

^reTinto''vour'botL°''„?f;^°'  '^"'''"''^  '"^'^'^  'o  a  small  piece  of 
•ia^zLTspaXof  light      ^^^"^         '^'^     '''^^  "'O^' 

(bfrpfccTof^Wrel'  iT'i^^^P"/}'"  "1'^  still  red,  hold  theeandle 
^^^Burniiag  sulphur  emits  a  W«e  flame,  when  immer...!  in  oxygon 
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abounds  in  animal  substances  :  The  fol- 
lowing ai'e  its  characteristics : 

1.  It  will  not  burn ; 

2.  It  will  not  support  combustion ;  and 

3.  An  animal  cannot  hve  in  it. 

Nearly  4  gallons  out  of  every  5  of  common  air  are  nitrogen  gas^ 

Q.     Why  is  there  so  much  nitrogen  in  the  air  T 

A.  In  order  to  dilute  the  oxygen. 
If  the  oxygen  were  not  thus  diluted, 
fires  would  bui'n  out  too  quickly,  and 
life  would  be  too  rapidly  exhausted. 

Q,  Wliat  three  elements  are  employed  in 
making  a  common  riBE  ? 

A.  Hydi'ogen  gas,  carbon,  and  oxygen 
gas:  The  two  former  in  the  >eZ;  and  the 
last  in  the  air  which  surrounds  the  fuel. 

Q      What  causes  the  co^nhustion  of  the  fuel  ? 

A.  The  hydrogen  gas  of  the  luel 
(being  set  fi^ee  and  excited  by  a  match) 
unites  with  the  oxygen  of  the  an-,  and 
makes  a  yellow  flame ;  this  flame  heats  the 

.  Nitroeen  (ras  may  easily  be  obtained  thus  :-Put  a  piece  of  bum- 
rngprXfonaW^^^ 

^itefinlws  expcrtaent,  is  phosphoric  acid ;  i.  e.,  phosphorus  com- 
^upd  with  oxygen  of  the  ai:  .J 
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carbon  of  the  fuel,  which  unites  with  more 
oxygen,  and  produces  carbonic  acid  gas. 

The  gas  of  the  fuel  is  carburetted  hydrogen.  The  flame  of  pure 
hydrogen  is  pale  blue — of  carburetted  hydiogen  yellow. 

Q.       WTiat  is  CAEBONIC  ACID  GAS  ? 

A.  .Carbon  (or  chaicoal)  combined 
with  oxygen  gas. 

Q.     Wlti/  does  PIKE  produce  heat  ? 

A.  Because  it  hberates  latent  heat 
from  the  air  and  fuel,  by  chemical  action. 

Q.  What  CHEMICAL  CHAN  ass  in  air  and 
fuel  are  produced  ly  combustion? 

A.  1st — Some  of  the  oxygen  of  the 
air,  combining  mth  the  hydrogen  of  the 
fuel,  condenses  into  ivater :  and 

2ndly — Some  of  the  oxygen  of  the  air, 

combining  with  the  carbon  of  the  fuel, 

forms  carbonic  acid  gas. 

Q.  Wliy  is  a  eibe  {after  it  lias  "been  long 
lurning)  bed  hot? 

A.    Because  the  whole  surface  of  the 

coals  is  so  thoroughly  heated,  that  every 

part  of  it  is  undergoing  a  rapid  union 

with  the  oxygen  of  the  air. 

Q.  In  a  blazing  fire,  why  is  the  upper 
surface  of  the  coals  black,  and  the  loweb 
surface  bed  ? 

£  2 
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A.  Because  carbon  (being  solid)  re 
quires  a  great  degree  of  heat  to  make 
it  unite  with  the  oxygen  of  the  air.  In 
consequence  of  which,  the  hot  under 
surface  of  coals  is  frequently  red  from  its 
union  with  oxygen,  vAiile  the  cold  upper 
surface  remains  black. 

Q.  WTiich  hums  the  more  quicTcly,  a  BLAznfO 
Jire,  or  a  eed-hot  one  ? 

A.   Fuel  burns  quickestin  a &Za2;m9  fire. 

Q.       Why  do  BLAZING  COALS  BTTIIN  QUICKEB 

than  red-hot  ones  ? 

A.  Because  the  inflammable  gases  of 
the  fuel  (which  are  then  escaping)  greatly 
assist  the  process  of  combustion. 

Q.  Why  do  the  coals  of  a  clear  bright 
iire  burn  out  more  slowly,  than  blazing  coals  ? 

A.  Because  most  of  the  inflammahle 
gases,  and  much  of  the  solid  fuel,  have 
been  consumed  already ;  so  that  there  is 
less  food  for  combustion. 

Q.     What  is  SOOT  ? 

A.  Unconsumed  carbon  of  the  fuel  sep- 
arated from  the  sohd  mass,  and  carried 
up  the  chimney  by  currents  of  hot  air. 

Q.     TPliat  is  SMOKE  ? 
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A.  Unconsumed  volatile  matters,  sep- 
arated fi'om  the  fuel,  and  carried  up  the 
chimney  by  currents  of  hot  air. 

This  volatile  matter  consists  of  visible  vapour,  various  gaseous 
exhalations,  and  minute  pieces  of  carbon. 

Q  Why  is  there  mobe  smoke  when  coals 
are  pbeSh  added,  than  when  they  are  red  hot  ? 

A.  Because  more  carbon  and  volatile 
matters  are  separated  from  the  fuel  than 
can  be  reduced  by  combustion;  and  the 
surplus  flies  off  in  smoke. 

Q.     Why  is  there  so  lixtle  smoke  with  a 

BED-HOT^re  / 

A.    Because  the  entire  surface  of  the 

coals  is  in  a  state  of  combustion  ;  and,  as 

very  little  of  the  escaping  carbon  remains 

unconsumed,  there  is  but  little  smoke. 

Q.  Why  are  there  dabk  and  beight  spots 
in  a  OLEAE  cinder  fire  ? 

A.  Because  the  intensity  of  the  com- 
bustion is  greater  in  some  parts  of  the  fire, 
than  it  is  in  others. 

Q.  Why  is  the  intensity  of  eomhtistion  in  a 
common  fire  so  tjhequal  ? 

A.  Because  air  flies  to  the  fire  in 
various  and  unequal  currents. 

B  3 
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Q.     Why  do  we  see  all  sorts  of  GEOTESQTTE 

riGFUEES  in  hot  COALS  ? 

A.  Because  the  intensity  of  combus- 
tion is  unequal,  owing  to  the  gusty 
manner  in  which  the  air  flies  to  the 
fuel :  And  the  various  shades  of  red, 
yellow,  and  white  heat  (mingling  with 
the  black  of  the  unburnt  coal,)  produce 
strange  and  fanciful  resemblances. 

Q.  Whi/  does  PAPEB  BUEir  more  readily 
than  tvood  ? 

A.  Because  it  is  of  a  more  fragile 
texture;  and,  therefore,  its  component 
parts  are  more  easily  heated. 

Q.  Why  does  "wood  bubn  more  readily, 
than  coal  ? 

A.  Because  it  is  not  so  solid;  and, 
therefore,  its  elemental  parts  are  more 
easily  separated,  and  made  hot. 

Q.  When  a  riEE  is  lighted,  tohy  is  papeb 
laid  at  the  bottom,  against  the  grate  ? 

A.    Because  paper  (in  consequence  of 
its  fragile  texture)  very  readily  catches  fire. 
Q.     Why  is  wood  laid  on  the  top  of  the  paper  ? 

A.  Because  wood  (being  more  suh- 
stantial]  burns  longer  than  paper;  and, 
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therefore,  affords  a  longer  contact  of 
■flame  to  heat  tlie  coals. 

Q.     Why  would  not  paper  do  withottt  wood? 

A.  Because  paj^er  burns  out  so 
rapidly,  that  it  would  not  afford  sufficient 
contact  of  flame  to  heat  the  coals  to 
combustion. 

Q.  Why  will  not  wood  do  "WiTHOtiT  shavings, 
straw,  or  paper  ?  ' 

A.  Because  wood  is  too  substantial 
to  be  heated  into  combustion  by  the 
feeble  flame  issuing  from  a  inatch. 

Q.  Why  would  not  the  paper  do  as  well,  if 
^placed  on  the  top  of  the  coals  ? 

A.  Because  every  blaze  tends  upwards  ; 
if,  therefore,  the  paper  were  placed  on  the 
top  of  the  coals,  its  blaze  would  afford  no 
contact  of  flame  to  the  fuel  lying  helow. 

Q.  Wliy  should  COAL  le  placed  aeote  the 
wood  ? 

A.    Because  otherwise,  the  flame  from 

the  wood  would  not  rise  through  the  coal, 

to  heat  it. 

Q.  Why  is  a  fire  kindled  at  the  lowest 
BAE  of  a  grate? 

A.  That  the  flame  may  ascend,  tJirough 
the  fuel  to  heat  it.    If  the  fire  were 
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kindled  from  the  top,  the  flame  would 
not  come  in  contact  with  the  fuel  placed 
below. 

Q.     Why  does  coal  make  such  excellent 

FTJEL  ? 

A.  Because  it  contains  a  large  amount 
of  carbon  and  hydrogen  gas,  in  a  compact 
and  convenient  form, 

Q.  Why  will  cinders  become  bed  hot  more 
quickly  than  coals  ? 

A.  Because  they  are  sooner  reduced 
to  a  state  of  combustion,  as  they  are 
more  porous  and  less  solid. 

Q.     Why  will  not  ieon  cinders  lurn  f 

A.  Because  the  carbon  and  hydrogen 
have  been  chiefly  consumed,  and  only  the 
incombustible  part  of  the  fuel  remains. 

Q.     Why  are  cindees  lighter  than  coals  ? 

A.  Because  they  are  full  of  httle 
holes  or  pores;  from  which  gases,  and 
other  volatile  parts,  have  been  diiven 
off  by  previous  combustion. 

Q.  Why  will  not  stones  do  for  fuel,  as  well 
as  coals? 

A.  Because  they  contain  no  elements 
suitable  for  combustion:  and  generally 
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the  substances  of  which  they  are  com- 
posed are  akeady  united  to  oxygen. 

stones  contain  silex  (I.e.,  silicon  and  oxygen);  alumina  (i.e., 
aluminum  and  oxygen) ;  and  lime  (i.e.,  calcium  and  oxygen).  Some 
rocks  contain  sulpliur,  or  a  little  carbon ;  in  which  case  they  burn 
feebly. 

Q.     TFhi/  will  not  wet  Tcindling  light  ajire  ? 

A.  1st — Because  the  moisture  of  the 
wet  kindhng  prevents  the  oxygen  of  the 
air  from  getting  to  the  fuel ;  and 

Sndly — The  heat  of  the  iSre  is  per- 
petually draion  off,  by  the  conversion  of 
water  into  steam. 

Q.     Wliy  does  dkt  wood  hum  tetter  than 

GEEEN  ? 

A.  1st — Because  none  of  its  heat  is 
carried  aivay  by  the  conversion  of  water 
into  steam;  and 

Sndly — The  pores  of  dry  wood  (being 
filled  ivith  air)  supply  the  fire  with  oxygen. 

Q.  Why  does  salt  ceackxe,  wlten  thrown 
into  a  EIRE  ? 

A.  Salt  contains  loater.  The  cracli- 
ling  of  burning  salt  is  owing  to  the 
bursting  of  the  cijstals,  when  the  water 
is  converted  into  steam, 

Q.     Why  will  not  wood  or  paper  Iwrn  if 
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steeped  in  a  solution  of  potash,  phosphate  of 
LIME  orAMMOsriA  (liartshom)? 

A  A.  Because  any  "al'kali,"  (such  as 
potash)  will  arrest  the  hydrogen  which 
escapes  from  the  fuel,  and  prevent  its 
comhination  with  the  oxygen  of  air, 

Q.     What  is  an  al'Jcali  ? 

A.  A  substance  which  will  neutralize 
an  acid. 

Soda,  potash,  and  ammonia,  are  all  alkalis.  The  presence  of  an 
aikali  may  be  detected  thus :— Vegetable  Uucs  mil  be  turned  green 
by  it ;  and  turmeric  paper  will  be  turned  brown  by  it. 

Q.  Why  does  a  jet  of  flame  sometimes 
hurst  into  the  room  through  the  baes  or  a  stove  ? 

A.  Because  the  iron  bars  conduct 
heat  to  the  interior  of  some  lump  of  coal ; 
and  its  volatile  gas  (bursting  through 
the  weakest  part)  is  kindled  by  the 
glowing  coals  over  which  it  passes. 

Q.     Does  the  jut  0/  OAS  ever  escape  unhurnt  ? 

a!  Yes.  If  the  gas  passes  at  once 
into  the  air,  or  over  coals  not  sufficiently 
heated  to  ignite  it. 

Q.  Why  does  a  bluish  t-lame  sometimes 
Jiicher  on  the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coals 
at  tiie  lottom  of  the  grate,  mixing  with 
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the  carbon  of  the  coals  above,  produces 
an  inflammable  gas  (called  carbonic 
oxide),  which  burns  with  a  blue  flame. 

Q.     Will/  is  the  flame  of  a  fire  or  candle 

TELLOW  ? 

A.  The  flame  of  a  fire  or  candle  is 
due  to  a  gas  called  carburetted  hydrogen, 
which  burns  with  a  yelloiv  flame. 

Carburetted  hydrogen  is  a  compound  of  carbon  and  hydrogen, 
Q.       WJiat  is  LIGHT  ? 

A.    The  unknown  cause  of  visihility 
The  most  usual  method  of  obtaioing 
artificial  hght  is  by  combustion  accom- 
panied with  flame. 

The  two  theories  of  light  most  usually  received  are  those  of 
Newton  and  Huvghcns.  According  to  Sir  Isaac  Ne-svton,  Uiniinous 
particles  of  an  elastic  imponderable  fluid,  called  ciher,  dart  in  all 
directions  from  the  surface  of  light-giving  bodies  lilio  the  sun. 
Much  the  same  as  odour  from  a  flower.  According  to  Huyghens, 
the  aforesaid  ether  is  merely  a  vehicle,  or  medium,  of  light,  just  as  air 
is  a  medium  of  sound.  As  a  sonorous  substance  communicates  its 
vibrations  to  the  atmosphere,  and  the  atmosphere  to  the  tympanum 
of  the  ear,  so  atoms  of  matter,  set  in  motion  by  heat,  communicate 
vibrations  to  the  luminous  ether,  and  the  liuijjnoua  ether,  impinging 
against  the  eye,  produces  there  a  sensatioir^  light 

Such  arc  the  theories  of  Newton  and  Huyghens,  but  it  is  highly 
probable  that  ere  long  electricity  or  magnetism  will  be  found  to  be 
the  cause  of  light,  and  that  the  notion  of  a  luminous  cllicr  will  he 
wholly  discanied. 


Q.     Does  TTGHT  always  produce  heat? 
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A.  No ;  phosphorescent  bodies,  certain 
animals,  as  glow-worms,  also  wood,  meat, 
and  flsh,  in  a  state  of  putrefaction,  produce 
Iiglit  unaccompanied  with  any  perceptible 
heat. 

thr^L^h^S  °i  chemical  phenomena,  as  in 

the  combustion  of  the  oxide  of  carbon  and  of  chlorine. 

Q.     Does  HEAT  ALWAYS  produce  light  ? 

A.  No;  many  substances, parfaZa?% 
mdaZs,  may  be  greatly  heated  without 
producing  light. 

J?flfli!  is  by  no  means  always  proportionate  with  the  intensity 
of  hglit  For  example:  the  flame  of  the  bicarbonate  of  hydros^cn 
is  more  briUiant  than  that  of  pure  hydro-cn,  but  the  heat  pro- 
duced from  the  latter  is  considerably  greater  than  that  which 
piocceds  from  the  former.  The  flame  which  produces  the  greatest 
dcgi-ee  oi  heat  is  that  which  results  from  the  ignition  of  one 
volume  of  oxygen  and  two  of  hydrogen,  nevertheless  this  flame 
Is  scarcely  vmble  m  daylight. 

Q.  Wliy  IS  a  yellow  elame  Irighter  than 
a  eed-hot  coal  ? 

A.  Because  ijelloiv  rmjs  produce  the 
greatest  amount  of  light,  though  red  rays 
produce  the  greatest  amount  of  heat. 

Q.  VThif  is  the  LIGHT  of  a  fire  moee  ik- 
'Si^'^^^^fS^jgftimes  than  it  is  at  others  ? 

A.    The  intensity  o^"  fire-light  depends 
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upon  the  ivMteness  to  which  the  carbon 

if.  reduced  by  combustion.    If  carbon 

be  white  hot,  its  combustion  is  perfect, 

and  the  hght  intense ;  if  not,  the  hght 

is  obscured  by  smohe. 

Q.     W7ii/  toill  not  CINDEES  BLAZE,  OS  Well  as 
PitEsn  coals  ? 

A.    The  flame  of  coals  is  caused  by 

the  burning  of  carhuretted  hydrogen  gas. 

As  soon  as  this  gas  has  been  consumed, 

the  hot  cinders  produce  only  a  gas,  called 

carbonic  acid,  which  is  not  combustible. 

Q.     Where  does  the  carhuretted  hydrogen 
gas  of  a  blazing  Jive  come  from  ? 

A.  From  the  fuel,  which  is  composed 
of  carbon  and  hydi'ogen ;  these  elements 
separate  fi^om  each  other  dming  the 
process  of  combustion,  and  form  into 
new  compounds.    (See  p.  35.) 

Fuel  which  ivill  not  blaze  (as  coke,  cinders,  charcoal,  &c  ),  is 
aevoul  of  hydrogen  gas.  Yet  if  sulphur  be  present  in  any  fuel,  it 
■will  blaze  to  some  extent. 

Q.     Why  do  coals  hum  out  faster  on  a 
FKOSTT  KiGnT,  than  upon  any  other  ? 

A.  1st — Because  air   condensM^\)^-n^  . 
the  cold  contains  more  oxygen  than  the 
same  quantity  of  warmer  air ;  and 
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Sndly— Air  condensed  by  the  cold  is 
heavier;  in  consequence  of  which,  it  falls 
more  quickly  on  the  fire,  to  supply  the 
place  of  hot  ascending  air. 

Q.     Why  does  a  riBE  hwrn  cleabest  on  a 
Tno&TY  night  ? 

A  Because  the  volatile  gases  axe  more 
quickly  consumed ;  and  the  sohd  carbon 
is  plentifully  supplied  with  oxygen  from  the 
air,  to  make  it  burn  brightly  and  mtensely. 

Q.     Whtj  does  a  eibe  burn  more  intensely  m 

WINTEE  i/mW  W  STJMMEB  ?   _  . 

A .  Because  the  an  is  colder  m  wmtei , 
than  it  is  in  summer. 

Q.  Why  does  the  coldness  of  the  aib 
increase  the  heat  of  afire  ?  j 

A  1st— Because  an  condensed  by 
the  cold  supphes  more  oxygen  than  a 
similar  volume  of  warmer  air  : 

Sndly— Condensed  an,  benig  heavy, 
falls  more  rapidly  into  the  pl^ce  of  l^e 
hot  ascending  ah,  to  supply  the  fiie  with 
nourishment. 

0  Why  does  the  stjit,  shininsi  on  a  riEB, 
tnaJccit  DULL,  and  often  put  it  out  T 

A     1st    Because  the   an  (bemg 
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rarefied  by  the  sunsliine)  fiows  more 
sloivlij  to  the  fire ;  and 

Sndly — The  chemical  action  of  the 
sun's  rays  is  detrimental  to  combustion. 

The  sun's  rays  are  composed  of  three  parts;  lighting,  heating, 
and  actinic  or  chemical  rays.  The  two  latter  interfere  ■vrith  the 
pi'ocess  of  combustion. 

Q.  'Will/  does  air  jiow  to  the  fire  more 
TAJiTHLY  for  heing  EAEEriED  ? 

A.    Because  the  greater  the  contrast 

between  the  external  air,  and  that  which 

has  been  heated  hy  the  fire,  the  more  rapid 

will  be  the  current  of  air  towards  that  fire. 

Q.  W7ii/  does  rarefied  air  afford  less  noub- 
I8HMEKT  to  the  fire  than  cold  air  ? 

A.  Because  rarefied  air  contains  less 
oxijgen,  than  the  same  bulk  of  condensed 
air. 

Inasmuch  as  the  same  quantity  of  oxygen  is  diffused  through  a 
larger  space. 

Q.     Will/  does  a  I'Iee  liirn  more  fiercely  in 

the  OPEN  AIE  ? 

A.  1st — Because  the  air  out-of-doors 

is  more  dense,  than  the  air  in-doors  ;  and 

2ndly — It  has  freer  access  to  the  fire. 

Q.  Will/  is  the  air  out-of-doors  more  dense 
than  that  in-doors  ? 

A.    Because  it  has  freer  circulation; 

p2 
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and,  as  soon  as  any  portion  has  been 
rarefied,  it  instantly  escapes,  and  is  sup- 
plied by  colder  currents. 

Q.  Why  does  not  a  riEE  hum  so  freely  in 
a  THAW,  as  in  a  teost  ? 

A  Because  the  air  is  laden  with 
vapour;  in  consequence  of  which,  it 
both  moves  too  slowly,  and  is  too  much 
rarefied  to  nourish  the  fire. 

Q.  Why  does  a  riEE  hurn  very  fiercely  m 
■WINDY  weather  ?  -n     i  j 

A.  Because  tie  air  is  rapidly  changed, 
and  affords  plentiful  nourishment  to  the 

Q.  Wliy  does  a  pair  of  bellows  get  a 
fire  up?  ,  .J 

A.  Because  it  drives  the  air  more  rapid- 
ly to  the  fire;  and  the  plentiful  supply  of 
-Dxygen  soon  makes  it  burn  intensely. 

Clarke's  Patent  Blower  is  to  be  preferred,  because  it  produces  a 
continuous  blast. 

Q  Why  is  the  fame  of  a  candle  extin- 
GTJisnED,  ivhen  blown  by  the  breath;  and  not 
made  more  intense,  like  afire  ?  _ 

A.  Because  the  flame  of  a  candle  is 
confined  to  a  very  small  luich,  from  which 
it  is  severed  by  the  breath ;  and  (beiug 
unsupported)  must  go  out. 
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Q.  Wliy  is  a  SMOTJLDEEIK&  WICK  Sometimes 
EE-KOTDliED  by  llowing  it  ? 

A,  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity  ;  and  the  oxy- 
gen of  the  air  kindles  the  red-hot  wick, 
as  it  would  kindle  charred  wood. 

Q.      WJiy  is  not  the  red-hot  iviclc  Jcindled  ly 

the  AIR  ABOUND  it,  without  BLOWING  ? 

A.  Because  oxygen  is  not  supphed 
with  sufficient  freedom,  unless  au-  be 
hlotvn  to  the  wick. 

Q.  When  is  this  experiment  most  lihely  to 
succeed  ? 

A.  In  frosty  weather;  because  the 
air  contains  more  oxygen,  when  it  is 
condensed  by  the  cold. 

Q.  Why  does  a  pokee,  laid  aceoss  a  dull 
riEE,  revive  it  ? 

A.  For  two  reasons  :  1st — Because 
the  poker  concentrates  the  heat,  and  throws 
it  on  the  fuel :  and 

2ndly — Air  is  directed  between  the 
poker  and  the  coals,  and  a  shght  draught 
created. 

Q.  Why  are  the  grates  of  modern  stoyes 
fixed  nea/r  the  plooe  of  a  room  ? 
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A.  That  tlie  air  on  the  loiver  part  of 
the  room  may  be  heated  by  the  fire. 

Q.  Is  not  the  air  of  the  lower  part  of  a  room 
heated  equally  well,  when  the  grates  are  fixed 
higher  up  ? 

A.  No ;  the  heat  of  a  fire  has  a  veiy 
httle  efiect  upon  the  aii'  hdow  the  level  of 
the  grate;  and,  therefore,  every  grate 
should  be  as  near  to  the  floor  as  possible. 

Q.  Our  FEET  are  very  frequently  cold, 
iuhen  loe  sit  close  hy  a  good  fire :  explain  the 
reason  of  this. 

A.    Because  cold  air  rushes  through 

the  crevices  of  the  doors  and  windows 

along  the  bottom  of  the  room,  to  supply 

the  place  of  that  heated  by  the  fire  which 

ascends  with   the  smoke;   and  these 

currents  of  cold  air,  rushing  constantly 

over  our  feet,  deprive  them  of  warmth. 

Q.  If  a  piece  of  papee  ie  laid  flat  on  a  clear 
fire,  it  will  not  blaze,  })u,t  chab.    Why  so  ? 

A.    Because  the  carbon  of  a  clear  fire, 

being  sufficiently  hot  to  unite  Avith  the 

oxygen  of  the  air,  p'odiices  carbonic  acid 

gas,  which  soon  envelopes  the  paper  laid 

flat  upon  the  cinders :  but  carbonic  acid 
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gas  will  neither  hlaze,  nor  allow  combus- 
tible matter  surrounded  by  it  to  do  so. 

Q.  If  you  Blow  the  paper,  or  open  iJie  door 
suddenly,  it  loill  blaze  immediately.    Why  so  ? 

A.  Because  the  carbonic  acid  is  dissi- 
pated,  and  the  paper  fanned  into  flame. 

Q.     Why  does  watek  extinguish  a  fire  ? 

A.  1st — Because  it  forms  a  coating 
over  the  fuel,  which  keeps  it  from  the 
air :  and 

2ndly — The  conversion  of  water  into 
steam,  draws  off  the  heat  of  the  burning  fuel. 

Q.  A  BiTTLE  WATEB  maJces  afire  eierceb, 
■while  a  baeger  quantity  of  water  puts  it  oitt  : 
Explain  how  this  is. 

A.  A  little  water  is  readily  converted 
into  steam,  which  increases  the  heat  of  a 
fire;  but  water  plentifully  supplied  is 
not  converted  into  steam,  and  stops 
combustion. 

Q.  When  the  COABS  upon  a  fire  are  small 
and  DtrSTY,  why  are  they  sometimes  sprinlded 
with  water  ? 

A.  Because  water  makes  the  mass 
more  sohd,  and  the  steam  assists  to  heat 
the  coals  into  perfect  combustion. 
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Q.  Wlien  a  house  is  on  fire,  is  too  littlb 
water  worse  than  none  ? 

A.  Certainly.  Unless  water  be  sup- 
plied so  plentifully  as  to  quench  the  fire, 
it  will  increase  its  intensity. 

Q.     When  will  water  extin&uish  eiue  ? 

A.  When  the  supply  is  so  rapid  and 
abundant,  that  the  fire  cannot  convert 
it  into  steam. 

Q.  Does  not  a  very  little  water  slacken 
the  heat  of  fire  ? 

A.  Yes,  tillit  is  converted  into  steam; 
it  then  increases  the  intensity  of  fire. 

Q.  Whi/  does  the  WICK  of  a  candle  (when  the 
fiame  has  been  blown  out)  very  readily  catch  fiee  ? 

A.  Because  it  is  already  hot^  and  a 
very  little  extra  heat  will  throw  it  into 
flame. 

Why  does  the  extea  heat  revive  the  fiame  ? 

A.  Because  it  again  liberates  the 
hydrogen  of  the  tallow,  and  ignites  it. 

Q.  Cannot  wood  he  made  to  blaze  without 
actual  contact  with  fire  ? 

A.  Yes ;  if  a  piece  of  wood  be  held 
near  a  fire  for  a  little  time,  it  will  blaze, 
even  though  it  does  not  touch  it 
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Q.  WTiy  will  WOOD  BLAZE,  even  if  it  does 
not  touch  fire  ? 

A.    Because  the  heat  of  fire  drives 

out  the  hydrogen  gas  of  the  wood ;  which 

gas  is  inflamed  by  the  fire. 

Q.  Whi/  will  a  NEiGnuotrn's  norsB  some- 
times CATCH  EIRE,  tliougli  no  fiame  of  the  hurning 
house  ever  touches  it  ? 

A.  Because  the  heat  of  the  burning 
house  sets  at  hberty  the  hydrogen  gas  of 
the  neighbouring  wood-work ;  and  this 
gas  is  ignited  by  the  flames  or  red-hot 
bricks  of  the  house  on  fire. 

The  gas  referred  to  in  both  these  answers,  is  not  pure,  but  impur0 
(or  carburetted)  hydrogen. 

Q.     What  is  COKE  ? 

A.    Coal  freed  from  its  volatile  gases, 

by  the  action  of  artificial  heat. 

Q.  Why  does  Ai^^ott's  stove  sometimes 
BiiELL  very  strongly  of  sulphite  ? 

A.    Because  coke  contains  sulphur; 

and  whenever  the  draught  is  not  rapid 

enough  to  drive  the  sulphur  up  the  jiue, 

it  is  emitted  into  the  room. 

Q.  What  is  meant  ly  spontasteous  com- 
bustion 'i 


68  CHEMICAL  ACTION. 


A.  Combustion  produced  without  the 
apphcation  of  flame. 

Q.  Give  an  example  of  SPONTAiTEOirs  com- 
bustion. 

A.  Coals  stowed  in  the  hold  of  a  ves- 
sel, and  goods  packed  in  a  wai'ehouse,  will 
often  catch  fire  of  themselves, — especially 
such  goods  as  cotton,  flax,  hemp,  rags,  &c. 

Q.  Why  do  such  goods  sometimes  catch 
riEE  of  themselves  ? 

A.  Because  they  are  piled  together 
in  large  masses  in  a  damp  state  or  place. 

Q.  TFhg  does  this  produce  spontaneous 
combustion  ? 

A.  Because  the  damp  produces  <^^ca?/; 
and  the  great  heat  of  the  piled-up  mass 
makes  the  decaying  goo^^  ferment. 

Q.    How  does  this  rEEMENTATiosr  produce 

COMBUSTION  ? 

A.    During  fermentation,  great  heat 

is  produced  by  chemical  action, — a  slow 

combustion  ensues, — till  at  length  the 

whole  pile  bursts  into  flame. 

Q.  Why  is  the  heat  of  a  laege  mass  of 
goods  GEEATEE  than  that  of  a  smaller  quantity  1* 

A.    Because  the  heat  produced  cannot 
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escape  through   the  massive   pile;  it 

therefore  accumulates,  and  raises  the 

temperature  of  the  heap. 

Q.  Why  do  HAT-STACES  Sometimes  catch 
riEE  of  themselves  ? 

A.    Either  because  the  hay  was  got 

up  damp ;  or   else  because  rain  has 

penetrated  the  stack. 

Q.  Why  will  a  hay-stach  catch  riEi;,  if 
the  hay  he  damp  ? 

A.    Because  damp  hay  soon  decays, 

and  undergoes  a  state  of  fermentation, 

dm'ing  which  great  heat  is  produced, 

and  the  stack  catches  fire. 

Q.  Is  the  HAT  in  a  stacJc  lyjUEED  ly 
"heatikg,"  if  it  does  not  catch  mee  ? 

A.  Yes  ;  it  is  frequently  charred  and 
turned  black ;  which  renders  it  unfit  for 
use. 

Q.  If  a  hay-stach  is  fovmd  to  "be  "heating,^* 
what  can  he  done  to  prevent  its  catching  fire,  or 
spoiling  the  hat  ? 

A.  Itmay  be  taken  down  andre-formed 
into  a  stack  after  it  has  been  further  dried : 
or  a  chimney  may  be  formed  in  the  middle 
of  the  stack  to  carry  off  the  heat. 
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CHAPTER  IV. 
SMOKE. 

Q.     Will/  does  smole  ascend  a  cliimney  ? 

A.  Because  the  air  of  the  room  pass- 
ing over  the  fire,  becomes  lighter  for 
being  lieated;  and  (being  thus  made 
ligUtci)  ascends  the  chimney,  canning 
the  smoke  with  it. 

Q.  Wliy  does  liglter  heated  air  ascend  in 
a  chivmey  ? 

A.  Because  the  heavier  cold  air  m 
the  room  presses  it  up. 

Q.  What  determines  tlie  rapidity  or  strength 
of  the  draught  in  a  chimney  ?  ^ 

A.  The  difference  of  weight  between 
the  cold  air  which  supphes  the  fii'e,  and 
the  hot  air  in  the  chimney  flue. 

'  Q.  Why  is  the  draught  of  a  short  flue  more 
slack  than  that  of  a  long  one  ? 

A  Because  the  shorter  the  flue,  the 
less  difference  of  weight  is  there  between 
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the  ascending  current,  and  the  air  which 
presses  it  up  the  chimney. 

If  chimneys  are  too  high,  in  comparison  with  the  size  of  the  lire 
the  ascending  air  gets  cold  before  it  reaches  the  top :  and  the 
draught  is  mjured. 

Q.  Wliy  do  SMOKE  and  steam  assume  a 
xvreatJiy  or  curly  form  ? 

A.  Because  they  are  pushed  round 
and  round  by  ascending  and  descending 
cm-rents  of  air. 

Q.     What  are  BliACKS  ? 

A.  Smoke  condensed  into  flakes, 
which  fall  to  the  earth  by  their  own 
weight. 

Q.     Why  are  there  no  llacTts  thrown  from 
the  funnel  of  a  railioay  engine? 

A.  Because  condensed  steam  alone 
escapes  from  the  railway  engine,  which 
is  dissolved  by  the  air. 

tb^shlrone^ss'^J  ^""'"ITJ^  !°  perfectly  consumed,  owing  to 

talf  plac?  draught,  that  very  Uttle  deposit  of  soot  can 

■ari^U^  fi^'^''  '^^Posit.  T^hich  sometimes  annoys  the  railway  traveller 

Sd^^^i^rpi'Tar      '"^'^  °'  '""^ 

Q.     WJiy  does  a  "  FUnn-ACE-riEE"  deaw  wp 
more  fiercely  than  an  open  stove  ? 

A.  Because  the  air,  which  sup- 
phes  the  fire,  must  pass  iliroucjh  the 
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fvrnace ;  and,  as  it  becomes  exceedingly 
heated,  rushes  up  the  chimney  with  great 
violence. 

Q.     Wliat  produces  tie  eoaeing  noise  made 
ly  a  ruENACE^re  ? 

A.  Ail'  rushing  rapidly  through  the 
crevices  of  the  iron  door,  and  up  the 
chimney  flue. 

Q.     Wh/  is  the  boae  less  if  the  furnace 
DOOE,  le  thrown  open  ? 

A.  Because  fresh  air  gets  access  to 
the  fire  more  easily ;  and,  as  the  an-  is 
not  so  intensely  heated,  its  motion  is  not 
so  violent. 

Q.     Why  do  some  cniMNETS  smoke  ? 

A.  Because  fresh  air  is  not  admitted 
into  the  room  so  fast  as  it  is  consumed  by 
the  fire;  in  consequence  of  which,  a  cm'- 
rent  of  air  passes  down  the  chimney  to 
supply  the  deficiency,  driving  the  smoke 
along  with  it. 

Q      What  things  would  prevent  air  from  leing 
supplied  as  fast  as  it  is  consumed  ly  the  fire  ? 

A    Leather  and  curtains  round  the 
doors ;  sand-bags  at  the  thi-eshold  and 
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on  the  window  frames ;  and  other  con- 
trivances to  keep  out  the  draught. 

Q.     Why  icill  the  air  come  doivn  the  chimney? 

A.  Because  it  can  get  to  the  fire  in 
no  other  way,  if  the  doors  and  windows 
are  all  made  air-tight. 

Q.    _  What  is  the  best  eemedt  in  such  a  case  ? 

A,  The  speediest  remedy  is  to  open 
the  door  or  window ;  but  by  far  the  best 
remedy  is  to  carry  a  small  tube  from  the 
hearth  into  the  external  au\ 

Q.     Why  is  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plenti- 
fully supplied  with  ah-  by  the  tube  :  the 
doors  and  windows  may  all  remain  air- 
tight ;  and  we  may  enjoy  a  warm  fire-side, 
without  the  inconvenience  of  di-aughts 
and  cold  feet. 

Q.  Why  is  a  chimney  raised  so  high  above 
the  EOOP  ? 

A.    That  it  may  not  smoke;  as  all 

funnels  do,  which  are  too  short. 

Q.     What  is  meant  hy  the  ruNKEi,  or  flttes 
of  a  chimney  P 

A.  That  part  of  a  chimney  through 
which  the  smoke  passes. 

o  2 
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Q.     Wh^  does  a  chimney  smoke,  if  tie 
funnel  he  very  sliort  ? 

A.  Because  the  dranght  of  a  short 
flue  is  too  slack  to  carry  the  smoke  up 
the  chimney. 

Q.     On  what  does  tie  intensity  ofjire  depend? 

A.  The  intensity  of  fire  is  always 
in  proportion  to  the  quantity  of  oxygen 
with  which  it  is  suppHed. 

Q.  Does  tie  deaught  of  a  chimney  depend 
on  the  SPEEB  of  the  smoke  through  the  flue? 

A.  Yes.  The  more  quickly  hot  air 
flies  up  a  chimney,  the  more  quickly  cold 
air  will  rush  towards  the  fire  to  supply 
its  place ;  and,  therefore,  the  longer  the 
fivue,  the  greater  the  draught. 

Q.  Wliy  are  the  chimneys  of  manhfao- 
toeies  made  so  very  i-ong  ? 

A.   To  incre  ase  the  intensity  of  the  fire. 

Another  reason  for  this  arrangement  is  to  prevent  the  annoyance 
caused  by  the  smoke  and  unwholesome  gases,  when  they  escape  too 
near  to  inhabited  dwellings. 

Q.  Why  is  the  intensity  of  a  fire  in- 
creased hy  LENGTHENING  O  ELTTE  ? 

A.  Because  the  draught  heing  greater, 
mom  fuel  is  consumed  in  the  same  time; 
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and,  of  course,  the  inteiisitij  of  the  heat 
is  proportionally  greater. 

Q.  If  a  SHOET  CHIMNEY  cannot  le  length- 
ened, what  is  the  best  eemedx  to  prevent  smolcinq? 

k.  To  contract  the  opening  of  the 
chimney  contiguous  to  the  stove. 

Q.  JVh?/  tuill  a  SMALLER  oPEisriN-a  above 
the  stove,  peevent  a  chimnefs  smoking  ? 

A.  Because  the  air  will  be  compelled 
to.  pass  nearer  the  fire;  and  (being  more 
heated)  will  rise  through  the  chimney 
more  rapidly :  This  increase  of  heat  will, 
therefore,  compensate  for  the  shortness 
of  the  fine. 

Q.     7F7iy  ivill  a  eoom  smoke,  if  there  le 

TWO  FIEES  IN  IT  ? 

A.  Because  \kiQ  fiercer  fire  will  exhaust 
the  most  ah-  and  may  di\aw  from  the 
smaller  one,  to  supply  its  demand. 

This  inconvenience  does  not  arise  in  large  rooms,  vrith  fire  pro- 
perly adjusted.  ^ 

Q.  Wliy  will  a  chimney  smoke,  if  there  le  a 
jvre imrwo  eooms  communicating  ivith  each  other? 

A.  Because  (whenever  the  door  be- 
tween the  two  rooms  is  opened)  air  will 
rush  from  the  chunney  of  the  inferior 

a  3 
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fire  to  supply  the  other;  and  both  rooms 
will  be  filled  with  smoke. 

Q.     What  is  the  lest  eemedt  in  this  case  ? 

A.  To  carry  a  tube  from  the  hearth 
of  each  stove  into  the  external  ah' ;  and 
then  each  fire  will  be  so  well  supphed, 
that  neither  will  need  to  borrow  fi'om  the 
other. 

Q.    Whij  do  VESTET  chimneys  so  often  smoTce  ? 

A,    Because  the  wind  (striking  against 

the  steeple)  is  reflected  back ;  and,rushmg 

down  the  vestry  chimney,   forces  the 

smoke  into  the  room. 

Q.    Wliat^vsmmaTcevestry  chimneys  srholce? 

A    Those  from   the   north-east  or 

south-east ;  according  to  the  position  of 

the  vestry. 

Q.  Why  will  EAST  winds  maTce  vesteies 
BMOKE,  more  than  west  winds  ? 

A  Because  east  winds  strike  against 
the  steeple,  and  bound  bach  again  to  thr 
vestry  chimney:  but  west  winds  cannot 
rebound  over  the  roof  of  a  chm'ch. 

and  not  towards  it. 


p.. 
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Q.  Wliy  does  a  house  in  a  tailet  very 
often  SMOKE  ? 

A.   Because  the  wind  (striking  against 

the  surrounding  hills)  hounds  hack  again 

upon  the  chimney,  and  destroys  its  draught 

Q.  What  is  the  OOMMOIT  eemedt  in  both 
these  cases  ? 

A.  .To fix  a  coid  on  the  chimney-top, 
to  turn  hke  a  weather-cock,  and  present 
its  back  to  the  wind. 

Q.  Why  will  not  a  COWL  always  peevent 
a  chimney  smoking  ? 

A.    Because  a  strong  wind  will  keep 

the  opening  of  the  cowl  towards  the  steeple 

or  hill ;  and  then  the  reflected  wind  will 

blow  into  the  cowl  and  down  tlie  chimney. 

Q.  As  a  cowl  is  such  a  poor  remedy,  what 
OTHEB  can  he  suggested  ? 

A.    If  the  chimney-flue  can  be  carried 

higher  than  the  steeple  or  hills,  no  wind 

can  enter  the  flue. 

Q.  If  a  chimneyflue  he  carried  up  higheb 
than  the  steeple  or  hill,  why  cannot  the  wind 
enter  it  ? 

A.  Because  the  reflected  wind  would 
strike  against  the  sides  of  the  chimney- 
flue.,  and  not  pass  over  its  opening  at  all. 
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Q.    In  what  OTHEB  cases  will  a  CHmiraY 

SMOKE  ? 

A.  If  the  door  and  stove  are  both 
placed  on  the  same  side  of  a  room,  the 
chimney  will  often  smoke. 

Q.  Wliy  will  a  chimney  smoke,  if  the 
DOOB  and  STOVE  are  both  on  the  same  side  ? 

A.  Because  (whenever  the  door  is 
opened)  a  current  of  air  will  hloio  obliquely 
into  the  chimneij -place,  and  drive  the 

smoke  into  the  room. 

Q.     Wliat  eemedt  can  he  applied  to  this  evil? 

A.    The  door  must  be  set  opposite  to 

the  chimney-place,  or  nearly  so ;  and 

then  the  draught  from  the  door  loill  blow 

the  sviohe  up  the  chimney,  and  not  into 

the  room. 

Q.     W7iy  will  a  chimnet  smoke  if  it  needs 

SWEEPIKO  ? 

A.  Because  loose  soot  obstructs  the 
free  passage  of  the  smoke,  checks  the 
current,  and  prevents  the  draught.  _ 

Q.     TFJiy  loill  a  CHIMKET  SMOKE  if  it  he 

OUT  OE  EEPAIB,  ? 

^  1  St— Because  the  loose  mortar  and 
bricks  obstruct  the  smoke  :  and 

Sndly — Cold  air  (oozing  through  the 
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chinks)  chills  the  air  in  the  chimneys,  and 
prevents  its  ascent. 

Q.  Whi/  will  an  Aenott's  stoye  smoke, 
if  the  Joints  ofthejlue  do  not  fit  air-tight  ? 

A.  Because  coldi  air  (oozing  through 
the  joints)  chills  the  air  in  the  flue,  and 
prevents  its  ascent. 

Q.  TFhi/  does  an  old-fashioned  taem:  chim- 
HET-PLACE  generally  smohe  ? 

A.  Because  the  opening  is  so  very 
large,  that  much  of  the  air  which  goes 
up  the  chimney,  has  never  passed  near 
the  fire ;  and  this  cold  air  (mixing  with 
the  hot)  so  reduces  its  temperature,  that 
it  ascends  very  slowly,  and  the  draught 
is  destroyed. 

Q.     Why  does  a  chimney  smoke  if  the 

DEATJGHT  be  SLACK? 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  buoy 
up  the  smoJce  through  the  flue. 

Q.  If  the  opening  of  a  chimney  he  too 
liAEQE,  what  EEMEBT  Can  he  applied 

A.  The  chimney-place  must  be  con- 
tracted. 
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Q.     Wluj  tvill  CONTRACTIITG  tlie  chimney- 

place  PEETENT  tV*  SMOKING-? 

A.  Because  the  air  will  then  pass 
nearer  the  fire;  and  (being  more  heated) 
fly  faster  up  the  chimney. 

Q.  Why  do  almost  all  chimneys  smoke  in 
GTJSTX  weather  ? 

A.  Because  the  column  of  smoke  is 
suddenly  chilled  by  the  wind,  and  (being 
unable  to  ascend)  rushes  back  into  the 
room. 

Q.    What  is  the  use  of  a  chimnet-pot  ? 

A.  To  increase  the  draught,  when 
the  opening  of  a  chimney  is  too  large. 

Q.  Sow  does  a  chimney-pot  inceeasb  the 
DBATrGHT  of  a  chimney  ? 

A.  1st — By  diminishing  the  aperture 
of  the  funnel,  and  thus  preventing  cold 
air  from  entering  the  chimney  to  chill 
the  warm  ascending  air :  and 

Sndly — By  lengthening  the  flue,  and 
increasing  the  draught. 

Q.  Why  do  tin-blowees  help  to  get  a 
Hre  up  ? 

-  A.    Because  they  compel  the  air  to 
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go  through  the  fire,  and  not  over  it ;  in 
consequence  of  which,  the  fii^e  is  well 
suppHed  with  oxygen,  and  the  draught 
greatly  increased. 

Q.     Will/  does  a  bloweb  utceease  the 

DEAITQHT  ? 

A.  Because  it  compels  the  air  to  pass 
through  the  fire;  and,  being  made  much 
hotter,  it  ascends  the  chimney  more 
rapidly. 

Q.  Whi/  is  afire  letter  supplied  with  oxygen 
tohile  the  hloiver  hangs  hefore  it  / 

A.  Because  the  draught  is  increased  ; 
tmd  the  faster  the  hot  air  flies  up  the 
chimneij,  the  faster  will  cold  air  rush 
towards  the  fire,  to  supply  it  with  oxygen. 

Q.  Why  does  a  parlour  often  smell  dis' 
agreeably  of  soon  in  stimmee  time  ? 

A.  Because  the  air  in  the  chimneij 
(being  colder  than  the  air  in  the  parlour) 
descends  into  the  room,  and  leaves  a 
disagreeable  smell  of  soot  behind. 

Q.  Why  are  the  ceilings  oe  publio 
orncES  generally  black  and  filthy  ? 

A.    Because  the  heated  ah' of  the  office 
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carries  up  the  dust  and  fine  soot ;  which 
is  deposited  on  the  ceiHng. 

Q.  Why  a/re  some  parts  of  the  ceiling 
BLAOEEB,  and  more  filthy  tha/a  others  ? 

A.  Because  the  ceiling,  by  the  drying 
of  the  plaster,  becomes  uneven,  and  the 
currents  of  air  which  pass  over  it,  deposit 
the  dust  or  fine  soot  on  the  more  promi- 
nent parts. 

Q.     What  is  chaeooal  ? 

A.  Wood  which  has  been  exposed  to 
a  red  heat,  till  it  has  been  deprived  of  all 
its  gases  and  volatile  parts. 

Q.  Why  is  a  chaecoal  eiee  hotter  than  a 
wood  fire  ? 

A.  Because  charcoal  is  nearly  pui'e 
carbon,  while  wood  contains  other  ele- 
ments ;  and,  as  it  is  the  carhon  of  fuel 
which  produces  the  glowing  heat  of  com- 
bustion, therefore,  the  pm^er  the  cai'bon, 
the  more  uitense  will  the  heat  of  a  fire 
be. 

Q.  Why  does  charcoal  eemoye  the  tatxt 
of  meat  ? 

A.    Because  it  absorbs  all  puti-esceut 
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effluvia,  whether  they  arise  from  animal 
or  vegetable  matter. 

Q.  Why  is  WATEB  PTJEIFIED  5y  beinp 
filtered  through  charcoal  ? 

A.  Because  charcoal  absorbs  the  m- 
purities  of  water,  and  removes  all  dis- 
agreeable tastes  and  smells,  whether  they 
aiise  from  animal  or  vegetable  matter. 

Q.  Whi/  are  water  and  wine  casTcs  chabeed 
ins  ide  f 

A.  Because  chariing  the  inside  of  a 
cask  reduces  it  to  a  kind  of  cliarcoal ; 
and  charcoal  (by  absorbing  animal  and 
vegetable  impurities)  keeps  the  liquor 
sweet  and  good. 

Q.  WTiy  does  a  piece  o/'bueis't  bbbad  maTce 
impure  water  more  Jit  to  drink  ? 

A.  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  by 
being  burnt)  corrects  the  irapmities  of 
the  water,  and  makes  it  palatable. 

Q.  Why  shoidd  toast  and  watee,  placed 
ly  the  side  of  the  sick,  be  made  of  bxjbnt  breads' 

A.    Because  the  charcoal  surface  of 
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burnt  bread  prevents  the  water  from 
being  affected  by  the  impurities  of  a 
sick  room. 

Q.  WTiy  are  timbebs,  which  are  to  he 
exposed  to  dmip,  ohaeeed  ? 

A.  Because  charcoal  undergoes  no 
change  by  exposure  to  air  and  water :  in 
consequence  of  which,  timber  will  resist 
weather  much  longer^  after  it  has  been 
charred. 

Q.  Why  are  posts,  which  an-e  fixed  in  the 
ground,  chaeeed  ? 

A.  Because  charred  wood  resists 
decay,  (which  would  otherwise  affect  the 
part  underground,)  from  the  moisture  of 
the  earth. 

Q.  What  precaution  is  necessary  in  char- 
ring posts  ? 

A.  To  continue  the  "  charring"  be- 
yond the  part  buried  in  the  ground; 
test  the  post  should  decay  at  the  base, 
from  rain  a,j(i  other  moisture  on  the 
earth's  surface.  ' ' 

TVj  post  should  be  b1  aujd  to  about  ono  foot  above  the  ground. 
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LAMPS  AND  CANDLES. 


Q.  Of  what  are  oil.,  tallow,  and  wax 
composed  ? 

A.  Principally  of  caxbon  and  hydro- 
gen gas.  The  solid,  part  is  carbon,  the 
volatile  part  is  hydrogen  gas. 

Oxygen  also,  in  small  proportions,  enters  into  the  composition  of 
■ome  snbstances  used  for  candles, 

Q.       What  is  CAEBON  ? 

A.  A  sohd  substance,  generally  of  a 
black  colour;  well  known  under  the 
forms  of  charcoal,  lamp-black,  coke,  &c. 

Q.       What  is  HTDEOGEN  GAS  ? 

A.  One  of  the  elements  of  water. 
It  bums  so  readily,  that  it  used  to  be 
called  "  inflammable  air."* 

Common  coal  gas  is  a  compoxmd  of  carbon  and  hydrogen,  called 
"carburetted  hydrogen."   See  p.  293. 

Q.  A  CAifDLE  BTJBNS  when  lighted  — Explain 
how  this  is. 

A.  The  heat  of  the  lighted  wick 
decomposes  the  tallow  or  wax ;  and  forms 
vapour  of  water,,  and  carbonic  acid  gas. 


Directiona  'or  making  hirdxo  en  gas  are  given  on  p.  37. 
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Q.  How  are  vapour  of  water  and  carhoni* 
acid  gas  formed  from  the  burning  tallow  or  waa 
of  a  candle  ? 

A.  The  hjdrogen  of  the  candle,  com- 
bming  with  the  oxygen  of  the  air,  forms' 
vajmir  of  water :  and  the  carbon  of  the 
candle,  combining  with  the  oxygen  of  the 
air,  forms  carbonic  acid  gas. 

Q.  "WnEBE  is  the  tallow  or  wax  of  a  candle 
decomposed  ? 

A.  In  the  wick.  The  melted  tallow, 
or  wax,  rises  up  the  wich  by  capillary 
atti-action,  and  is  rapidly  decomposed  by 
the  heat  of  the  flame. 

Q.       What  is  OAPILLABT  ATTRACTION  ? 

A.  The  power  which  very  minute 
tubes  possess,  of  causing  a  Kquid  to  rise 
in  them  above  its  level. 

"Capillary,"  from  tlie  Latin  word,  "capillaris"  {like  a  hair); 
the  tubes  referred  to  are  almost  as  fine  and  delicate  as  a  hair. 

Water  ascends  through  a  lump  of,  sugar,  or  piece  of  sponge,  •>y 
caviUary  attraction.  N.B.  The  smaller  a  tube,  the  higher  wiL  a 
liquid  be  attracted  iu  it. 

Q.     Whi/  is  the  flame  of  a  candle  hot  ? 

A.  Because  it  liberates  latent  heat 
from  the  air  and  tallow. 

Q.  Sow  is  latent  heat  liberated  by  the 
flame  of  a  candle  ! 
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A.  "When  the  elements  of  the  tallov? 
combine  with  the  oxygen  of  the  air,  latent 
heat  is  liberated  by  the  chemical  changes. 

Q.  Whi/  does  the  flame  of  a  cajs'dIjJ,  produce 
LIGHT  ? 

A,  Because  the  chemical  changes 
made  by  combustion,  excite  undulations 
of  luminous  ether,  which  (striking  the  eye) 
produce. hght.    (See  p.  47.) 

Q.  Describe  the  different  parts  of  the  flame 
of  a  common  caitdle. 

A.  The  flame  consists  of  three  cones  : 
The  inner  or  hollow  cone,  in  which  no 
combustion  takes  place ; — the  interme- 
diate cone  or  area  of  partial  combustion, 
in  which  the  hydrogen  is  chiefly  con- 
sumed;— and  the  outer  cone  or  area  of 
perfect  combustion,  in  which  the  carbon 
is  principally  burned. 

Q.     Will/  does  the  xnside  of  the  flame  appear 

HOLLOW  ? 

A.  Because  it  is  filled  with  invisible 
vapour  raised  from  the  candle  by  the 
heat  of  the  wick  ;  which  cannot  be  burnt 
unless  in  contact  with  the  air. 

■  8 
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Q  From  tohicli  part  of  the  flame  is  the 
greatest  illuminating  power  derived  ? 

A.  From  the  intermediate  cone,  in 
which  tlie  bm-ning  gas  raises  the  particles 
of  carbon  to  a  white  heat;  upon  which 
the  illuminating  power  depends. 

Q.  Why,  for  the  most  part,  is  only  the 
hydrogen  conswned  in  the  intermediate  cone  ? 

A.  Because  the  oxygen  of  the  air  h as  a 
greater affmity  for  hydrogenthsinhrcsiYhon; 
and  that  which  penetrates  to  thispartof  the 
flame,  not  being  sufficient  to  combine  with 
both,  unites  with  hjdrogcn  to  form  ivater. 

Q.  Why  is  the  middle  cone  in  a  state  of 
less  perfect  combustion  than  the  outer? 

A.  Because  the  outer  cone  prevents 
the  oxygen  of  the  air  from  getting  freely 
to  the  middle  of  the  flame  ;  and  without 
free  access  of  oxygen,  there  cannot  be 
complete  combustion. 

Q.  WJiy  is  the  otttee  of  less  illuminating 
powEa  than  the  intermediate  cone  ? 

A.  Because  the  incandescent  carbon, 
which  passes  to  the  outer  cone,  is  imme- 
diately consumed  by  combining  vath.  the 
oxygen  of  the  an-,  to  form  carbonic  acid  gas 

"  Incandescent,"  that  is,  heated  to  whiteness. 
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Q.     TVTiy  is  the  bottom  of  tlie  flame  purple  f 

A.  Because  it  contains  very  little 
incandescent  carbon,  on  which  the  illu- 
minating power  of  a  candle  depends. 

Q.     Why  does  the  flame  of  a  candle  point 

UPWARDS  ? 

A.  Because  it  heats  the  surrounding 
air,  which  (being  hot)  rapidlij  ascends, 
carrying  the  flame  upwards  at  the  same 
time. 

Q.  Why  is  the  jflame  of  a  candle  pointed 
at  the  top,  like  a  cone  ? 

A.  Because,  as  the  cone  of  heated 
vapom'  rises,  it  is  consumed ;  and  its 
surface  being  diminished,  a  pointed  form 
is  given  to  the  flame. 

"  Consumed,"  that  is,  converted  into  vapour  of  water  and  car- 
bonic acid  gas. 

Q.  Why  is  the  plame  of  a  candle  blowk 
OUT  by  a  pnff  of  hreath  ? 

A.  Because  it  is  severed  from  the  ivich, 
and  goes  out  for  want  of  support,  ' 

Q.  Why  does  the  plame  of  a  candle  make 
a  glass  (which  is  held  over  it)  damp  ? 

A.  Because  a  "watery  vapour"  is 
made,  by  the  combination  of  the  hydrogen 
of  the  tallow  with  the  oxygen  of  the  air ; 
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which  is  condensed  hy  the  cold  glass, 
held  above  the  flame. 

Water  is  composed  oi  oxygen  and  hydrogen  gases,  chemicaUy 
united.  „ 

Q.  WTiy  does  the  hand,  held  above  a  candle, 
gufer  more  from  heat,  than  when  it  is  placed 
BELOW  the  flame,  or  on  one  side  of  it?  _ 

A.  Because  the  ascending  heated  an 
comes  in  contact  with  the  hand  placed 
above  the  flame ;  hut  when  the  hand  is 
placed  heloio  the  flame  or  on  one  side,  it 
only  feels  heat  from  radiation. 

"Radiation:"  i.e.  emission  of  rays.   The  candle-flame  throws 
out  r^ys  of  Hght  and  heat  in  aU  directions;  buWhen  the  hand 
held  «L°  tlxe^flame,  it  not  only  feels  the  heat  of  the  rays,  but  also 
of  the  ascending  current  of  hot  air. 

Q.  Why  is  a  eush-light  extinguished  more 
quickly  than  a  cotton-wick  candle  ^ 

A.  Because  a  hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly 
than  porous  cotton ;  as  it  imbibes  less  fat, 
it  supplies  a  smaller  volume  of  combustible 
gases ;  the  flame  is,  therefore,  smaller, 
and  more  easily  extinguished. 

Q.  WJiy  is  it  more  difficult  to  hlow  out  a 
cotton  wich,  than  a  rush-light  ? 

A  Because  porous  cotton  imbibesthe 
melted  fat,  or  wax,  much  more  quickly. 
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than  hard  rush  :  as  it  imbibes  more  fat, 

it   supphes   the   flame  with  a  larger 

volume  of  combustible  gases;   and,  of 

course,  the  light  is  with  more  difficulty 

extinguished. 

Q.  Whi/  is  a  GAS  FLAME  more  easily  extin- 
guished, when  the  jet  is  very  slightly  turned  on, 
than  when  it  is  in  full  stream  ? 

A.  Because  there  is  less  volume  of 
combustible  gases  in  the  small  flame, 
than  in  the  full  blaze. 

Q.  Why  does  an  EXTiNGtriSHEE  put  a  can- 
dle out  ? 

A.  Because  the  air  in  the  extinguisher 
is  soon  exhausted  of  its  oxygen  by  the 
flame :  and  when  there  is  no  oxygen^ 
flame  goes  out. 

Q  Tf^hy  does  not  a  candle  set  fire  to  a 
PIECE  OE  PAPEB  twisted  into  an  extingidsher, 
and  used  as  such  ? 

A.  1st — Because  the  flame  very  soon 
exhausts  the  oxygen  contained  in  the 
paper  extinguisher :  and 

2ndly — The  flame  invests  th.e  inside  of 
the  paper  extinguisher  with  carbonic  acid 
gas,  which  prevents  it  from  blazing. 
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Q.     WTiy  is  a  long  wick  never  upright  ? 
A,    Because  it  is  bent  by  its  own 
weight. 

A  iiONG  wiGK  is  covered  with  an  efflo- 
BE8CENCE  at  the  top. —  What  does  this  arise  from? 

A.    This  knotty  or  flowery  appearance 

arises  from  an  accumulation  of  charred 

particles  of  cotton,  which  have  not  been 

completely  burnt,  because  the  oxygen  of 

the  atmosphere  has  been  kept  from  them 

by  the  outer  cone  of  the  flame. 

Q.  Whi/  is  not  the  end  of  a  long  wick 
burnt  off,  as  it  hangs  over  the  flame? 

A.  Because  the  length  and  thickness 
of  the  unburnt  wick  so  diminishes  the 
fiame  and  checks  combustion,  that  there  is 
not  heat  enough  to  consume  the  charred 
pai'ticles. 

Q  Why  do  the  wicJcs  of  Palmer'' s  candles 
never  require  snuffing  ? 

A.  Because  the  wick  is  divided  into 
two  or  more  parts,  which,  with  the  assist, 
ance  of  a  fine  wire  twisted  mth  the  cot- 
ton, spread  and  project  beyond  tlie  flame; 
where  they  are  readily  consumed.  ' 

Immediately  the  -wick  reaches  the  outer  cone  of  the  flame  it  is 
consumed,  because  the  supply  of  oxygen  is  Tery  plentiful  tiiere. 
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Q.  Why  do  common  candles  require  to  he 
tnu^'ed  ? 

A.  Because  the  wick  is  surrounded 
by  the  outer  cone  of  the  flame,  which 
prevents  a  sufficient  supply  of  oxygen  to 
cause  complete  combustion. 

Q.  Why  do  wax  and  composite  candles  never 
require  snuffing  ? 

A.  Because  the  wick  is  so  platted 
as  to  bend  into  the  outer  cone,  where  it 
is  completely  consumed. 

Q.  Why  is  this  plan  not  adopted  in  maJcing 
tallow  candles  ? 

A.  Because  the  bending  of  the  wick, 
which  causes  part  of  the  flame  to  pro- 
ject, would  melt  the  tallow  on  one  side  too 
quickly,  causing  the  candle  to  "  gutter." 

Tallow  melts  at  a  lower  temperature  than  wax  or  stearine  ;  which 
prevents  the  employment  of  this  plan  for  consuming  the  wick. 

Q.      What  is  the  smoke  of  a  candle  ? 

A.  Solidparticles  of  carbon,  separated 
from  the  wick  and  tallow,  but  not  con- 
sumed, t-'" 

Q.     Why  are  some  particles  consumed,  and 

not  OTHEBS? 
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A.  Because  the  outer  surface  of  the 
flame  prevents  the  access  of  air  to  the  in- 
terior parts,  whence  much  of  the  carbon 
passes  off  in  smoke. 

The  comhtistion  of  the  carbon  depends  upon  its  combining  with 
the  oxygen  of  the  air. 

Q.       Why  do  LAMPS  SMOKE  ? 

A.  Either  because  the  wiclc  is  cul 
unevenly,  or  else  because  it  is  turned  up 
too  high. 

Q.     Whi/  does  a  lamp  smoke,  when  the 

WICK  is  cut  UNEVENLY  ? 

A.  Because  the  points  of  the  jagged 
edge  project  into  the  flame,  where  the 
supply  of  oxygen  is  not  sujG&cient  to 

consume  all  the  carbon. 

Q.  Why  does  a  lamp  smoke,  when  the 
WICK  is  turned  up  too  uiOK  ? 

A.  Because  more  carbon  is  separated 
from  the  wick,  than  can  be  consumed  hy 
the  flame. 

Q.     Why  do  not "  AEGAND  BXTENEEs"  smoJce  ? 

A.  Because  a  current  of  air  passes 
through  the  middle  of  the  flame ;  in  con- 
sequence of  which,  the  carbon  of  the 
interior  is  consumed,  as  well  as  that  in 
the  outer  coating  of  the  flame. 
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Q.  WTiy  does  a  lAMP-GiAss  diminish  the 
BMOEE  of  a  lamp  ? 

A.  1st — Because  it  increases  the 
supply  of  oxygen  to  the  flame,  by  pro- 
ducing a  draught;  and 

2ndly — It  concentrates  and  reflects  the 
heat  of  the  flame :  in  consequence  of 
which,  the  combustion  of  the  carbon  is 
more  perfect,  and  very  httle  escapes 
unconsumed. 


CHAPTER  VI. 
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Q.     What  is  tjie  cause  of  animal  heat  ? 

A.  Animal  heat  is  produced  by  the 
combustion  of  hydrogen  and  carbon  in  the 
capillary  vessels. 

Q.     What  are  oapiliabt  vessels  ? 

A.  Vessels  as  small  as  hairs  running 
all  over  the  body ;  they  are  called  capillary 
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from  the  Latin  word  "  capilla'ris"  {lihe  a 
hair.) 

Q.  Do  these  capillaet  vessels  run  all 
over  the  human  body  ? 

A.    Yes.    Whenever  blood  flows  from 

«  wound,  some  blood-vessels  must  be 

iivided ;  and,  as  you  can  bring  blood  from 

any  part  of  the  body  by  a  very  shght 

wound,   these  little  vessels  must  run 

through  every  part  of  the  human  frame. 

Q.  Jloto  do  HTDBOGEN  ffos  and  oaebon  ffct 
into  these  very  minute  vessels  ? 

A.  The  food  we  eat  is  converted  into 
hlood  ;  and  blood  contains  both  hjdrogen 
and  carbon, 

Q,  How  does  COMBXJSTIOK  take  place  in  the 
capillary  vessels  ? 

A.    The  carbon  of  the  blood  combines 

mth  the  oxygen  of  the  air  we  breathe,  and 

forms  carbonic  acid  gas. 

Q.  What  lecomes  of  this  oaebokio  acid 
GA.S,  formed  in  the  human  hlood? 

A.    The  lungs  throw  off  almost  all  of 
it  into  the  ah,  by  the  act  of  exphation. 
Q.     TFhat  GAS  is  generated  in  a  common 

riEE  hy  COMBUSTION  ? 
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A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  fuel  with  the 
oxijgen  of  air. 

Q.     fVhat  GAS  is  generated  hy  a  lighted  cajs- 

DLE  or  IiAMP  ? 

A.  Carbonic  acid  gas, — formed  hy  the 
union  of  the  carbon  of  oil  or  tallow  with 
the  oxygen  of  air. 

Q.     What  is  the  cause  of  heat  in  the  animas 

system  ? 

A.  It  is  produced  by  a  species  of  slow 
combustion  in  the  body. 

Q.  Does  the  heat  of  the  htjman  body  arise 
from  the  same  cattse  as  the  heat  of  eiee  ? 

A.  Yes,  it  does.  The  carbon  of  the 
hlood  combines  with  the  oxygen  of  the  air 
inhaled,  and  produces  carbonic  acid  gas. 

Q.  If  animal  heat  is  produced  hy  combtts- 
TiON,  why  does  not  the  human  body  btjew  up 
like  a  coal  or  candle  f 

A.  It  actually  does  so.  Every  mus- 
cle, nerve,  and  organ  of  the  body,  ivastes 
away  like  a  burning  lamp;  and  (being 
reduced  to  air  and  ashes)  is  rejected  from 
the  system  as  useless. 

1% 
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Q.  If  every  lone,  muscle,  nerve,  and  organ 
is  thus  consumed  ly  combustion,  why  is  not  the 
body  entirely  consumed  ? 

A.  It  would  be  so,  unless  the  parts 
destroyed  were  perpetually  renewed:  but 
as  a  lamp  will  not  go  out,  so  long  as  it 
is  supplied  with  fresh  oil;  neither  will 
the  body  be  consumed,  so  long  as  it  is 
supplied  ivith  sufficient  food. 

Q,  WJiat  is  the  principal  diference  between 
the  combustion  of  a  I-IBE  or  lamp,  and  that  of 

the  HUMAN  BODY  ? 

A.  In  the  human  body,  the  combus- 
tion is  affected  at  a  much  lower  tempera- 
ture; and  carried  on  more  slowly  than 
in  a  lamp  or  fire. 

The  fire  of  one's  body  is  not  hotter  than  from  90  to  104  degrees. 
This  heat  is,  nevertheless,  sufficient  to  burn  some  thmgs.  tor 
example,  aUttle  piece  of  phosphorus  wiU  ignite,  if  it  gets  by  aca- 
dent  \inder  the  nail. 

Q.  Sow  is  it  that  carbon  can  be  made  to  burn 
at  so  LOW  a  temperature  in  the  human  body  ? 

A.  Because  the  carbon  in  the  blood 
is  reduced  to  very  minute  particles,  ready 
to  undergo  a  rapid  change  unmediately 
oxygen  is  supphed. 

Q.     When  a  man  is  staeted,  what  parts  of 
the  body  go  first  ? 
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A.  First  the  fat,  because  it  is  the 
most  combustible ;  afterwards  the  muscles  ; 
and  then  the  man  dies,  hke  a  lamp 
which  is  burnt  out. 

Q.  Why  does  want  of  sufficient  notjeish- 
MENT  often  •produce  madness  ? 

A.    Because  while  the  fat  and  muscles 

of  the  body  are  consuming  by  animal 

combustion,  the  brain  also  is  attacked; 

and  disease  is  produced  in  it  before  it  is 

firnilly  destroyed. 

Q.     Why  does  a  man  sheink,  when  staeted  ? 

A.  Because  the  capillary  fires  feed 
upon  the  human  body,  when  they  are  not 
supphed  with  food-fuel.  A  starved  man 
shrinks  just  as  a  fire  does,  when  it  is  not 
supphed  with  fuel. 

Q.     What  is  the  fuel  of  the  body  ? 

A.  Food  is  the  fuel  of  the  body. 
The  carbon  of  the  food,  combining  with 
the  oxygen  of  the  air,  evolves  heat,  in  the 
same  way  that  a  fire  or  candle  does. 

Q.     Why  is  EVEET  part  of  the  body  waem  ? 

A.  Because  the  capillary  vessels  run 
through  every  part  of  the  human  body, 
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and  the  combustion  of  blood  talces  place 
in  the  capillary  vessels.    {See  p.  86.) 

Q.     Why  does  ettnning  make  us  warm  ? 

A.  Because  we  inhale  more  air,  and 
cause  the  blood  to  pass  more  rapidly 
through  the  lungs.  Running  acts  upon 
blood  in  the  capillary  vessels,  as  a  pair 
of  bellows  on  a  common  fi*e. 

Q.  W7m/  does  mhaling  aw  eapidlt  make 
the  body  feel  WAUM  ? 

A.  Because  more  oxijgen  is  introduced 
into  the  body.  In  consequence  of  which, 
the  combustion  of  the  blood  is  more  rapid, 
—  the  blood  itself  more  heated, — and 
every  part  of  the  body  is  made  warmer. 

Q.     Why  does  habd  wokk produce  httngek? 

A.  Because  it  produces  quicker  respi- 
ration ;  by  which  means,  a  larger  amount 
of  oxygen  is  introduced  into  the  lungs, 
and  the  capillary  combustion  increased. 
Hunger  is  the  notice,  (given  by  our  body) 
to  remind  us,  that  our  food-fuel  must  be 
replenished. 

Q.  Why  do  want  of  exercise  and  too  abun- 
dant  feeding  make  menJat  or  ill  ? 
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A.  Because  more  hydrogen  and  car- 
bon are  taken  into  the  blood  than  can 
be  consumed  by  the  respiration;  these 
therefore,  either  tm-n  to  fat,  or  cause 
some  disturbance  in  the  system,  which  is 
called  disease. 

Q.  WTiy  do  siNGiKG  and  beading  aloud 
make  us  feel  hungry  ? 

A.  Because  they  increase  respiration  ; 
and,  as  more  oxygen  is  introduced  into 
the  lungs,  our  food-fuel  is  more  rapidly 
consumed. 

Q.  WTiy  do  we  feel  less  httngby  in  the 
night,  than  in  the  day  ? 

A.  Because  we  breathe  more  slowly 
during  sleep ;  therefore,  less  oxygen  is 
introduced  into  the  lungs,  to  consume 

our  food-  fuel. 

Q.  Why  do  we  need  "Wabmee  ciothiitg  ly 
NIGHT,  than  hy  day  ? 

A.  1st — Because  the  night  is  gene- 
rally colder  than  the  day :  and 

Sndly — Because  we  breathe  more 
.  slowly  :  In  consequence  of  which,  animal 
combustion  is  retarded,  and  our  bodies 
are  colder. 
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Q.     Why  do  we  peespiee,  when  very  hot  T 
A.    Because  the  pores  of  the  skin  are 

thrown  open  to  let  some  of  the  fluids  of 

the  blood  escape. 

Q.  Why  do  persons  feel  lazt  md  averse  to 
exercise,when  they  are  hale-stabted  or  ill-eed  ? 

A.    Because  desire  for  muscular  action 

ceases,  when  the  body  is  not  supplied  with 

nutritious  food. 

Q,  Why  have  persons,  who  follow  haed  out- 
or-DOOES  OCCUPATIONS,  more  appetite  tJian 
those  who  are  engaged  in  sedentaet  pursuits  ? 

A.  Because  hard  bodily  labour  in  the 
open  air  causes  much  oxygen  to  be  conveyed 
into  the  lungs  hj  inspiration;  the  com- 
bustion of  the  food  is  carried  on  quickly; 
animal  heat  increased ;  and  need  for 
nutritious  food  more  quickly  indicated 
by  craving  hunger. 

Q.  Why  have  persons,  who  follow  bedebt- 
TART  PUESUITS,  less  APPETITE  than  ploughmen 
and  masons  ? 

A.  1st — ^Because  the  air  they  inhale 
is  less  pure,  being  deprived  of  some  of  its 
oxygen:  and 
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2ndly — Their  respiration  is  neither  so 
quick,  nor  so  strong  ;  and,  therefore,  the 
combustion  of  their  food  is  carried  on 
more  slowly. 

Q.  JVhi/  do  we  like  strong  meat,  and  geeast 
food,  when  the  weather  is  very  cold  ? 

A.  Because  strong  meat  and  grease 
contain  large  portions  of  carhon  and 
hydrogen  ;  which  produce  a  larger  amount 
of  heat  (when  burned  in  the  blood)  than 
any  kind  of  food. 

Q.  WTiy  do  persons  eat  moee  food  in  cold 
weather,  than  in  hot  ? 

A.  Because  the  body  requires  more 
fuel  in  cold,  weather,  to  keep  up  the  same 
amount  of  animal  heat ;  and  as  we  put 
more  coals  on  a  fire  on  a  cold  day,  to  keep 
our  room  warm,  so  we  eat  more  food  on 
a  cold  day,  to  keep  our  body  warm. 

Q.     Why  does  cold produee  httngee  ? 

A.  1st — Because  the  air  contains 
more  oxygen  in  cold  weather ;  and,  there- 
fore, fires  bum  more  fiercely,  and  animal 
combustion  is  more  rapid :  and 
■  2ndly — As  we  are  more  active  in  cold 
weather,  our  increased  respiration  acts 
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like  a  pair  of  bellows  on  the  capillary 
combustion. 

Q.  Why  does  rapid  digestion  produce  a 
craving  appetite  ? 

A.  This  is  a  wise  provision  to  keep 
our  bodies  in  health  ;  hunger  gives  notice 
that  the  capillary  fires  need  replenishing^ 
in  order  that  the  body  itself  may  not  be 
consumed. 

Q.  Wliy  do  we  feel  a  desire  for  activitt 
in  cold  weather  f 

A.  1st — Because  activity  increases 
the  warmth  of  our  bo^y,  by  fanning  the 
combustion  of  blood :  and 

2ndly — The  strong  food  we  eat  creates 
a  deshe  for  muscular  exertion. 

Q.  Why  are  the  JEsquimaux  so  passionately 
fond  of  teain  oil,  and  whale  blubbeb  ? 

A.    Because  oil  and  blubber  contain 

large  quantities  of  carbon  and  hydrogen^ 

which  are  exceedingly  combustible;  and 

the  heat  of  their  bodies  is  increased  by 

the  greasy  nature  of  their  food. 

Q.  Why  do  we  feel  a  dislike  to  strong 
meat  and  greasy  food  in  very  hot  weather  T 
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A.  ^  Because  strong  meat  and  grease 
contain  so  much  carbon  and  hydrogen, 
that  they  would  make  us  intensely  hot ; 
we,  therefore,  instinctively  refuse  them 
in  hot  weather. 

Q.  Why  do  we  like  petiits  and  tegb- 
TABLES  most  in  hot  weather? 

A.  Because  they  contain  less  hjdrogen 
and  carbon  than  meat;  and,  therefore, 
produce  not  only  less  blood,  but  blood  of 
a  less  combustible  nature. 

Q.  Why  is  our  Mood  of  a  less  combustibib 
nature,  if  we  live  chiefly  upon  eeuits  and  tege- 

TABLES  ? 

A.  Because  fruits  and  vegetables 
supply  the  blood  with  a  very  large  amount 
of  water;  which  is  not  combustible,  hke 
the  carbon  and  hydrogen  of  strong  meat. 

Q-     Sow  do  EEuiTS  and  vegetables  oooi. 

the  BLOOD  ? 

A.  1st — They  diminish  the  amount 
of  carbon  and  hydrogen  in  the  blood, 
which  ai-e  the  chief  causes  of  animal 
neat:  and 

Sndly— They  supply  the  blood  with  a 
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large  amount  of  water  which  exudes 
through  the  shin,  and  leaves  the  body  cool. 

Q.     WJii/  do  we  feel  lazt  and  averse  to  acti- 
vity in  very  hot  weather  ? 

^  1st— Because  muscular  activity 
increases  the  heat  of  our  body,  by 
quickening  respiration :  and 

2ndly — The  food  we  eat  in  hot  weather 
(not  being  greasij)  naturally  abates  our 
desire  for  bodily  activity. 

Q.  WTiy  do  the  inhabitants  of  teopical 
countries  live  chiefly  upon  eice  and  rnuiT  ? 

A.  Because  rice  and  fruit  (by  diges- 
tion) are  mainly  converted  into  water; 
and  (by  cooling  the  hlood)  prevent  the 
tropical  heat  from  feeling  so  oppressive. 

Q.     Why  are  the  ill-fed  instinctively  averse 

to  CLEANLINESS  ? 

A.  Because  cleanhness  increases  hun- 
ger, which  they  cannot  allay  by  food. 

The  force  of  bad  habits,  without  doubt  has  more  to  do  with  this 
result,  than  the  scientific  fact  mentioned  above. 

Q.     Why  does  the  frequent  use  of  baths 
generally  tend  to  improve  health  ? 

A.    Because  it  keeps  the  pores  of  the 
body  free  from  obstruction :  and  promotes 
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a  healthy  performance  of  the  fanctions 
of  the  skin, 

Q.     Why  are  very  POOB  people  insiinctivelu 

ATEESE  to  VENTILATION  P 

A.  1st — Because  ventilation  increases 
the  amount  of  oxygen  in  the  air, — the  com- 
bustion of  food,  and  the  cravings  of 
appetite;  and 

Sndly— Ventilation  cools  the  air  of  a 
room :  to  poor  people,  therefore,  who  are 
ill-clad,  the  warmth  of  an  ill-ventilated 
apartment  is  agreeable. 

Q.     Why  are  iirds  hot-blooded  creatures  ? 

A.  Because  th ey  breathe  g-Mzd-Z?/;  and 
the^  combustion  of  their  blood  is  very 
rapid,  from  the  abundance  of  oxygen 
inti'oduced  into  their  bodies. 

Q.     Wliy  are  children  hotter  than  old  people  ? 

A .    Because  they  breathe  more  quickly ; 
and  more  oxygen  is  introduced  into  their 
'  blood  to  supply  the  capillary  fire. 

The  heart  beats  more  quickly  in  the  ycung  than  in  the  old  Th» 
pulsations  are  often  140  in  a  minute  in  inlknts;  and  not  more  than 
70  m  a  mmute  in  the  very  aged. 

Q     Are  BEAE3  am,d  doemice  colder  during 
i  their  winter  sleep  ? 
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A.  Yes.  Because  their  breathing 
and  circulation  almost  cease. 

For  the  same  reason  they  are  able  to  dispense  ■with  food  for  so 
long  a  time. 

Q.  Why  are  teogs,  fishes,  snakes,  and 
LIZAEDS,  OOLD-BLOODED  animals  ? 

A.  Because  they  consume  very  little 
air ;  and,  without  a  plentiful  supply  of 
air,  combustion  is  too  slow  to  generate 
much  animal  heat. 

Q.     Why  is  a  dead  body  cold  ? 

A.  Because  air  is  no  longer  conveyed 
to  the  lungs,  after  respiration  has  ceased : 
and,  therefore,  animal  heat  is  ito  longer 
generated  by  combustion. 


CHAPTER  VII. 


MECHANICAL  ACTION. 

I.— PERCUSSION. 

Q.  How  is  heat  produced  ly  mechanical 
ACTION  ? 

A.    1. — By  Percussion.  %. — By  Erie- 
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tion.  3. — By  Condensation.  And  4. — 
By  Electricity. 

Electricity  only  produces  heat,  when  it  meets  with  a  bad  con- 
flucwr.   Fncbon  may  have  something  to  do  with  this. 

Q.     TPTiat  is  meant  ly  pekctjssios"  ? 

A.  The  act  of  striking ;  as  when  a 
blacksmith  strikes  a  piece  of  iron  on  his 
anvil  with  his  hammer. 

Q.    Why  will  STEiKiNG  lEON-  mahe  it  eed- 

HOT? 

A.  Because  it  condenses  the  particles 
of  the  metal :  and  makes  the  latent  heat 
sensible. 

•b^rbe'dSy  ^C"^''"  heat  i,  evolved  by  condensation,  and 

Q.     Does  coi/D  iron  contain  heat  ? 
A.    Yes:  every  thing  contains  heat; 
but,  when  a  thing  feels  cold,  its  heat  is 

LATENT. 

Q.     What  is  meant  ly  latent  heat  ? 
A.    Heat  not  perceptible  to  our  feelings. 
When  anything  contains  heat  without 
feeling  hotter  for  it,  that  heat  is  called 
"  latent  heat"    {See  p.  33.) 

Q.     Does  COLD  iron  contain  latent  heat  ? 
A.    Yes;   and  when  a  blacksmith 
-  compresses  it  by  his  hammer,  he  brings 

K  2 
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Old  latent  heat;  and  this  makes  the  iron 
red-hot. 

Q.  How  med  blacksmiths  to  light  their 
MATCHES,  before  the  general  use  of  lucifers  ? 

A.  They  used  to  place  a  soft  iron 
nail  upon  their  anvil :  strike  it  a  few 
times  with  a  hammer :  and  the  point 
became  sufficiently  hot  to  light  a  brimstone 
match. 

Q.  How  can  a  nail  {beaten  by  a  hammer) 
IGNITE  a  brimstone  match  ? 

A.  The  metal  of  the  nail  being  com- 
pressed by  the  hammer,  can  no  longer 
contain  so  much  heat  in  a  latent  state, 
as  it  did  before ;  some  of  it,  therefore, 
becomes  sensible,  and  increases  the  tem- 
perature of  the  iron. 

Q.  Why  does  striking  a  flint  against  a 
piece  of  steel,  produce  a  spark  ? 

A.  Because  it  compresses  those  parts 
of  the  flint  and  steel,  which  strike  to- 
gether :  In  consequence  of  which,  some 
of  their  latent  heat  is  disturbed,  and 
exhibits  itself  in  a  spark. 

Q.  How  does  this  development  of  heat  produce 
a  SPARK,  and  set  tinder  on  fire? 

A.    A  very  small  fragment  of  the 
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steel  is  'knocked  off  red-hot,  and  sets  fire 
to  the  tinder  on  which  it  falls. 

Q.  Why  is  it  needful  to  keep  blowing  the 
TINDER  with  the  breath  ? 

A.  In  order  that  the  increased  supply 
of  air  may  furnish  the  tinder  with  more 
oxygen  to  assist  combustion. 

Q.  Where  does  the  oxygen  of  the  air  comb 
FBOM,  which  is  blown  to  the  lighted  tinder  ? 

A.  From  the  air  itself,  which  is 
chiefly  composed  of  two  gases  (nitrogen 
and  oxygen)  mixed  together. 

Rve  gallons  of  common  air  contain  nearly  4  of  nitrogen,  and  1  of 
oxygen  mixed  together,  but  not  chemically  combined. 

Q.  What  is  the  use  of  oxygen  gas  to  lighted 
tinder  ? 

A.  It  supports  the  combustion  of  the 
tinder.  Blowing  lighted  tinder  carries 
oxygen  to  it  and  quickens  it,  in  the  same 
way  as  a  pair  of  bellows  quickens  a  dull 
fire. 

Q.  Why  do  HORSES  sometimes  strike  firb 
vnth  their  feet  ? 

A.  Because  their  iron  shoes  strike 
against  the  flint-stones  of  the  road ;  and 
very  small  fragm.ents  are  knocked  off  red- 
hot,  and  look  like  sparks. 

k3 
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Q.     WJiat  mahes  tliese  fragments  eed-hot  ? 

A.    The  percussion  condenses  the  part  ^ 
struck :  In  consequence  of  which,  some 
of  its  latent  heat  is  rendered  sensible,  and 
exhibits  itseKin  these  red-hot  fragments. 


CHAPTER  VIII. 


2.— FRICTION. 

Q.     Wlat  is  meant  ly  feictiok  ? 

A.  The  act  of  rubbing  two  things 
together;  as  the  Indians  rub  two  pieces 
of  wood  together  to  produce  fire. 

Q.  Sow  do  the  Indians  produce  riBB,  by 
merely  rubbing  two  pieces  of  dry  wood  ? 

A.  They  take  a  piece  of  dry  wood, 
sharpened  to  a  point,  which  they  rub 
quickly  up  and  down  a  flat  piece,  till  a 
groove  is  made ;  and  the  dust  (collected 
in  this  groove)  catches  fire. 

Q.     Why  does  the  dust  of  the  wood  catch 

riEE  by  EUBBIN&  ?  .       1        1  J 

A.  Because  latent  heat  is  developed 
from  the  wood  by  friction. 

The  best  woods  for  this  purpose  are  Joatcood  against  muJJernf, 
or  laurel  against  poplar  or  ivy. 
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Q.    Do  not  CAEEiAGB  ■WHEELS  Sometimes 

CATCH  riEE  ? 

A.  Yes  :  when  the  wheels  are  dry, — 
or  jit  too  tightly, — or  revolve  very  rapidly. 

Q.     WTiy  do  wheels  catch  fire  in  such  cases  ? 

A.  Because  the  friction  of  the  wheels 
against  the  axle-tree  distm^bs  their  latent 
heat,  an(J  produces  ignition. 

Q.     What  is  the  use  of  Gr^^Asma  cartwheels? 

A.  Grease  lessens  the  friction  ;  and 
the  latent  heat  of  the  wheels  is  less  dis- 
tm-bed,  in  consequence  of  this  diminished 
fiiction. 

Q.  TVht/  does  ETTBBiNa  our  hands  and 
FACES  make  them  feel  warm  ? 

A.  1st. — Because  friction  excites  the 
latent  heat  of  our  hands  and  faces,  and 
makes  it  sensible  to  our  feeling :  and 

Sndly — The  blood  is  made  to  circulate 
more  quicldy ;  in  consequence  of  which, 
the  quantity  of  heat  (left  in  its  passage) 
is  increased. 

Q.  When  a  man  has  ieen  almost  deowned, 
why  is  suspended  animation  restored  by  ETTBBiifG  ? 

A.  1st — Because  friction  excites  the 
latent  heat  of  the  half-inammate  body :  and 
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Qndly — It  makes  the  Uood  circulate 
more  quickly,  which  increases  the  animal 
heat. 

Q.     Why  do  two  pieces  of  ice  (ruhhed  toge- 
ther) MELT  ? 

A.  Ice  contains  140  degrees  of  latent 
heat,  and  (when  two  pieces  are  ruhhed 
together)  some  of  this  latent  heat  is  made 
sensible,  and  melts  the  ice. 

Q,  Uow  a/re  eobests  sometimes  set  on  tibb 
"by  friction  ? 

A  The  branches  of  contiguous  trees 
(blown  about  by  the  wind)  rub  violently 
aqainst  each  other,  their  latent  heat  is 
developed  by  the  friction,  and  sets  fire  to 
the  forests. 

Q  Why  do  carpenter's  tools  {such  m  gim- 
lets,  saws,  files,  Sfc.)  become  hot  when  used  ? 

A.  Because  the  friction  of  the  tools 
against  the  wood  disturbs  latent  heat,  and 
makes  it  sensible. 

Q,  Giveani-LLVSinA-TiOTSofthis. 

A  When  cannon  is  bored,  the  borers 
become  so  intensely  hot  from  friction,  that 
they  would  blister  the  hands,  if  touched. 
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Q.  Why  do  these  boeees  lecome  so  in- 
tensely HOT  ? 

A.  Because  the  friction  of  the  borers 
against  the  metal  is  so  great,  that  it  sets 
free  a  large  quantity  of  latent  heat 


8.— CONDENSATION  or 
COMPKESSION. 

N.B.  The  reduoUon  of  matter  into  a  smaller  compass  by  any 
•xtemal  or  mechanical  force,  is  called  compression. 

The  reduction  of  matter  into  a  smaller  compass  by  some  internal 
actum  (as  by  the  escape  of  caloric)  is  called  condensation, 

Q.     What  t*  meant  ly  oompeessioit  ? 

A.  The  act  of  bringing  parts  nearer 
together;  as  a  sponge  is  compressed  by 
being  squeezed  in  the  hand. 

Q-  Can  HEAT  he  evolved  from  common  air 
merely  hy  compeession  ? 

.  A.    Yes ;  if  a  piece  of  German  tinder 
be  placed  at  the  bottom  of  a  glass  tube, 
and  the  afr  in  the  tube  compressed  by  a 
J  piston,  the  tinder  will  catch  fire. 

I  syrmge  or  squirt,  the  handle  part  (which  eontaitv 

I  Ot  tucker,  and  is  forced  up  and  down)  ia  caEed  "  the  piston." 
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Q.     Why  vnll  the  tinder  catch  fire  t 
A.    Because  the  air  is  compressed; 
and  its  latent  heat  being  squeezed  out, 
sets  fire  to  the  tinder  at  the  bottom  of 
the  tube. 

Q.  TF%  will  small  quantities  of  sulphur 
and  chlorate  of  potash  detonate  when  rubbed 
together  in  a  mortar  ? 

A.  Because  the  particles  of  the  two 
substances  are  compressed  so  closely 
together,  that  their  several  chemical 
affinities  are  brought  into  action. 

To  "  detonate"  Is  to  explode  or  burn  with  a  sudden  report. 

Q.  TF^y  do  detonatikg  salt  and  powder 
EXPLODE,  on  being  rubbed  or  struck  ? 

A.    Because  the  mechanical  action 

of  rubbing  or  striking,  produces  sufficient 

heat  to  ignite  the  explosive  materials  of 

which  they  are  composed. 

Q,  Why  arre  shot  and  OAimoK  balls 
HEATED  by  being  discharged  from  a  gun  ? 

A.  Because  they  are  compresseci, 
and  rubbed  against  the  sides  of  the  gun 
by  the  explosion  of  the  powder. 
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CHAPTER  IX. 


EFFECTS  OF  HEAT. 

1.— EXPANSION. 

Q.  TVhat  areihe principal  eppects  ofHEAT  ' 

A.  1:— Expansion.      2.— Liquefae- 

tion.    3. — Vaporization,    and   4.  lo-. 

nition.  ^ 

Q.      Slww  that  HEAT  EXPANDS  AIB. 

,  A    If  a  bladder  (partiaUy  filled  with 
air)  be  tied  up  at  the  neck,  and  laia 
^  before  a  fire,  the  air  wiU  expand  tiU  the 
I  bladder  hursts. 

7%  7,  lladder 
t  be  laid  before  afire  ? 

A.  Because  the  heat  of  the  fire  will 
dnve  the  particles  of  air  apart  from  each 
(Other,  and  cause  them  to  occupy  more 
rroom  than  they  did  before. 

Q.     TFhy  do  imslit  CHEsrauTS  oeack  with  a 
\mia  noise,  when  poasted  ? 

^  A.    Because  they  contain  a  great  deal 
air,  which  is  3xpanded  by  the  heat  of 
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the  fire  :  and  (not  being  able  to  escape 
hursts  violently  through  the  thick  rind 
slitting  it,  and  making  a  great  noise. 

Q.  .    What  occasions  the  loud  oeack  or  report 
which  we  hear  ?  •        r  i 

1st— The  sudden  bursting  of  the 

rind  makes  a  report ;  in  the  same  way 
as  a  piece  of  wood  or  glass  would  do,  if 
snapped  in  tivo ;  and 

2ndly — The  escape  of  hot  air  from  the 
chestnut  makes  a  report  also ;  in  the  same 
way  as  the  escape  of  the  gases  formed  by 
the  explosion  of  gunpowder  does. 

Q,  Wil  l/  does  the  sudden  bursting  of  the  rind, 
or  snapping  of  apiece  ofioood,  male  a  jibport  ? 

A.  Because  a  violent  jerk  is  given  to 
the  an-,  when  the  attraction  of  cohesion 
is  thus  suddenly  overcome:^  This  jerk 
produces  rapid  undidations  in  the  air, 
which  (striking  upon  the  ear)  cause  the 
sensation  of  sound. 

Q  Why  does  the  escape  of  air  from  the 
chestnut,  or  the  eioplosion  of  gunpowder,  produce 

A.  Because  the  sudden  expansion  of 
the  imprisoned  air,  produces  a  pailial 
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vacuum:  The  re])ort  is  caused  by  11  lO 
msliing  oi  fresh  air  to  fill  up  this  vacuum. 

See  Thunder,  p.  8. 

Q.  If  a  CHESTNUT  le  SHT,  it  will  NOT 
erach  ;  why  is  this  ? 

A.  Because  the  lieatedj  air  of  the 
chestnut  can  then  freely  escape  through 
the  slit  in  the  rind. 

Q.  Why  does  an  apple  split  and  spurt 
about,  xohen  roasted? 

^  A.    In  some  measure  from  the  exjyan- 

.  sion  of  air  hj  heat;  but  more  especially 

because  its  juice  is  converted  into  steam. 

Q.  Sow  is  the  juice  of  an  apple  confined 
I  vn  the  fruit  ? 

A.  By  being  placed  in  numerous 
Wittle  cells  (like  those  of  an  honey-comb) : 
'When  the  juice  is  converted  into  steam, 
>  it  bursts  through  these  cells  ;  and  forces 
t  those  parts  which  oppose  it  through  the 
ipeel. 

Q.  When  an  apple  is  boasting,  why  is  one 
t>part  made  soft,  while  the  rest  remains  hard? 

A.  Because  the  vegetable  matter  of 
■  the  part  nearest  the  fire  is  cooked  by  the 
J  steam  of  the  hot  juices  :  and  where 
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the  heated  air  and  steam  break  throngh 
and  escape,  the  apple  collapses  and  be- 
comes soft. 

Q     Whatismeant  hy  the  "  apple  coLLAPSiira? 

A.  It  means  that  the  pluvipness  gives 
way,  and  the  apple  becomes  flahhy  and 

shrivelled.  , 
Q      WJiy  do  sp  ABKS  of  fire  start  {with  a  crack- 
ling noise)  fro7n pieces  0/  wood  laid  upon  a  fiee  i 

A.  Because  the  air  (expanded  by 
heat)  forces  its  ivay  through  the  pores  of 
the  wood;  and  carries  along  with  it  the 
covering  of  the  pore,  which  resisted  its 
passage. 

^The  conversion  of  the  woody  fibre  of  the  interior  parts  mto  com- 
bustible gases  contributes  to  this  effect. 

O     Whatismeantlythe  "poEESome  wood  . 
,      A.    Very  small  holes  in  the  wood, 
^through  which  the  sap  circulates. 

Q.  ^  What  are  the  spaeks  of  fire,  which 
hurst  from  the  wood  ?  ^  t 

A  Very  small  pieces  of  wood  made 
red-hot,  and  separated  fi'om  the  log  by 
the  force  of  the  avr,  when  it  bursts  fiom 
its  ^confinement.  ^^^^  ^^^^^  ^^^^  ^^^^^^.^^ 

than  any  other  wood? 


DRY  WOOD  BURNS  BEST.  Ill 

A.  Because  the  pores  of  deal  are 
very  large,  and  contain  more  air  than 
those  of  wood  having  a  closer  grain. 

Q.  Why  does  Gbeen  wood  mahe  less  snap- 
ping than  dry  ? 

A.  Because  the  pores  contain  less 
air,  being  filled  with  sap. 

Q.  Why  does  det  wood  make  more  snap- 
piny  than  green  ? 

A.  Because  the  sap  is  dried  up,  and 
the  pores  are  filled  with  air  instead. 

Q.  Why  does  det  wood  btten  more  easily 
than  green  or  wet  loood? 

A.  Because  the  pores  of  green  or 
wet  wood  are  filled  with  moisture,  which 
extinguishes  flame;  whereas  the  pores 
of  diy  wood  are  filled  with  air,  which 
supports  combustion. 

Q.     Why  does  moistttbe  eodinguish  flame  ? 

A.  1st — Because  it  prevents  the 
carbon  and  hydrogen  of  the  fuel  from 
uniting  with  the  oxygen  of  the  air,  to 
form  carbonic  acid  gas  and  water :  and 

Sndly — Because  heat  is  perpetually 
carried  off,  by  the  formation  of  the  sap 
into  steam. 

L  2 
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Q.     Why  do  STONES  snap  andJJ/y  about,  when 
Tieated  in  the  fore  ? 

A.  Because  the  close  texture  of  the 
stone  prevents  the  hot  air  from  escapmg ; 
in  consequence  of  which,  it  hursts  forth 
with  great  violence,  tearing  the  stone  to 
atoms,  and  forcing  fragments  mto  the 
room. 

Probably  some  part  of  tbis  effect  is  due  to  tbe  setting  free  of  the 
viater  of  crystallization. 

Q  When  bottled  ale  or  porter  is  set  before 
afire,  why  is  the  cork  forced  out  sometimes  r 

A.  Because  the  carlonic  acid  of  the 
liquor  expands  by  the  heat,  and  drives 
out  the  cork. 

ale  or  porter  a  large  quantity. 

Q.  Why  does  ale  or  porter  eeoth  more, 
after  it  has  been  set  before  afire  ? 

A.  Because  the  heat  of  the  fire  sets 
free  the  carhonic  acid ;  which  is  entangled 
as  it  rises  through  the  _  hquor,  and  pro- 
duces bubbles  or  froth.  - 

O  When  a  boy  makes  a  BATiLOOK,  and  sets 
fire  to  the  cotton  or  sponge  {lohich  has  been  steeped 
\n  spirits  of  wine),  why  is  the  balloon  mrLAXEi)  ? 


BALLOONS.  SMOKE-JACKS.  113 


A.  Because  the  air  of  the  balloon  is 
expanded  by  the  flame,  till  eveiy  part  is 
inflated  and  the  paper  made  smooth. 

Q.  TFhy  does  the  balloon  eise,  ajier  it  has 
been  inflated  hy  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air 
IS  expanded  to  three  or  four  times  its 
original  volume;  and  made  so  much 
lighter,  -that  even  when  all  the  paper, 
wu-e,  and  cotton  are  added,  it  is  still 
lighter  than  common  air. 

nfTi!!  ^v,^""""^  ascends  in  consequence  of  tke  pressure  from  beneath 
21  thi  hoT^"in^°'c'lZnV^'^'  "  "  ^ 

Q-  Why  does  a  smoke-jack  turn  round  in 
a  chimney  ? 

A.  Because  the  current  of  hot  air  up 
the  chimney  (striking  against  the  oblique 
vanes  of  the  smoke-jack)  drives  them 
round :  as  wind  drives  round  the  sails  of 
a  mill. 

Q.     Which  EiPAiTD  the  most  under  the  same 
DEGEEE  of  heat— gases,  liquids,  or  solids? 

A.    Gases :  all  of  which  expand  in 
the  same  ratio  from  heat. 

Q-     What  degree  of  expansion  in  oases  it 
ameed  by  heat  i  ^ 
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A.  481  degrees  of  heat  will  make  a 
volume  of  gas  twice  as  large  as  it  was 
before - 

Q.  TFTiat  is  the  difference  letween  a  vapoue 
9,nd  a  GAS  ? 

A.  A  VAPOUR  is  an  elastic  aeriform 
fluid,  which  may  readily  be  converted 
into  a  hquid  or  soHd  merely  by  clum^e  of 
temi)erature. 

A  GAS  is  an  elastic  aeriform  fluid, 
which  cannot  be  made  to  change  its 
state,  except  by  the  apphcation  of 
artificial  'pressure  and  intense  cold. 

Carbonic  acid  gas  has  even  been  converted  into  the  solid  form  by 
the  use  of  these  means.  .      „  j  , 

The  vapour  produced  by  the  boiling  of  water  is  called  steam. 

Q.  What  would  gases  he  at  vebt  low  tem- 
peratures ? 

A.  All  gases  would  prohaUy  be 
liquid  at  extremely  low  temperatures ;  hnt 
the  most  intense  cold  hitherto  artificially 
produced,  has  not  been  sufficient  to  re. 
duce  some  of  the  gases  to  a  Hquid  state. 

Gases  which  cannot  by  our  present  means  be  brought  into  the 
Hquid  form,  are  caUed  "permanent,"  to  distmguish  them  from 
vapours. 

Q.     TfTiy  are  some  things  solid,  others 
LIQUID,  and  others  gaseous  ? 
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A.  Because  the  particles  which  com- 
pose some  things  are  nearer  together 
than  they  are  in  others.— Those  in  which 
the  particles  ai^e  closest  are  solid;  those 
m  vhich  they  are  furthest  apart  are 
cjaseous;  and  the  rest  liquid. 

Q.      WJitj  does  heat  change  a  solid  (liheice^ 
Jirst  into  a  liqtjid,  ajid  then  into  a  gas  ? 

A.    Because  it  drives  the  component " 
particles  fm-ther  asunder;  hence  a  certain 
quantity  of  heat  changes  sohd  ice  into  a 
liquid,— and  a  further  addition  of  heat 
changes  the  hquid  into  steam. 

Q.     Why  does  water  simmee  lefore  it  loils  ? 

A.  Because  the  particles  of  water 
neai'  the  hottom  of  the  kettle  (being  formed 
mto  steam  sooner  than  the  rest)  slioot 
upicards:  but  are  condensed  again  by 
the  colder  surface  of  the  water,  and  pro- 
auce  what  is  called  "  simmering." 

Q.     What  is  meant  ly  simmeein&  ? 
A.    A  gentle  tremor  or  undidation  on 
ttie  surface  of  hot  water.    When  water 
dimmers,  the  bubbles  collavse  beneath  the 
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surface,  and  the  steam  is  condensed  to 
water  again;  but  when  water  hoils,  the 
hubbies  rise  through  the  surface,  and  the 
steam  is  throicn  off. 

Q.  Why  does  a  kettle  sino,  wJien  the 
water  simmers  ? 

A.  Because  the  entangled  air  escapes 
by  fits  and  starts  from  the  surface  of 
the  water;  producmg  the  noise  called 
"  singing." 

Q.  Why  does  not  a  kettle  siNe,  when  the 
water  ioils  ?  .    ,  .,. 

A.  Because  all  the  water  is  bo%liy\^ 
hot ;  so  the  steam  escapes  in  large  quan- 
tities from  the  enthre  surface,  and  not  by 
fits  and  starts. 

Q.     When  does  a  kettle  sing  most  ? 

A.    When  it  is  set  on  a  hoh  to  boil. 

Q  Why  does  a  kettle  siNft  moee,  when  it 
is  set  on  the  side  of  a  fire,  than  when  it  is  set  m 
the  MIDST  of  afire? 

A.  Because  the  heat  is  apphed  un- 
equally, and  one  side  being  made  hotter 
than  the  other,  the  water  takes  longei 
time  to  boU. 
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Q.      Wliy  does  a  kettle  sing,  when  the 
loiling  water  begins  to  cool  again  ? 

A.  Because  the  wpjyer  surface  cools 
first;  and  the  steam  (which  rises  from 
the  lower  part  of  the  kettle)  is  again 
pai'tially  condensed,  and  escapes  by  fits 
and  starts. 

Q.     Whg  does  BoiLiKa  tvafer  increase  in 
lulk  ? 

A.  Because  it  is  expanded  hij  the  heat : 
i.e.— The  heat  of  the  fire  drives  the 
particles  of  water  furtlier  apart  from  each 
other:  and  (as  they  are  not  packed  so- 
elosehj  together)  they  take  up  more  room. 

Q.     TP7iat  is  meant  when  it  is  said,  "that 
HEAT  dn-ives  the  particles  of  water  fv/rther 
from  each  other?" 

A.  Water  is  composed  of  Httle  glo- 
bules,  hke  very  small  grains  of  sand: 
the  heat  drives  these  particles  apart  from 
each  other,  and  (as  they  then  require 
more  room)  the  water  increases  in  bulk. 

Q.     Wliy  does  loiling  water  bubble  ? 

A.  Because  the  heated  air  and  vapour 
(nsmg  through  the  water)  force  up  bub- 
bles in  their  effort  to  escape. 
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Q     Why  does  a  kettle  sometimes  boil  ote»? 

A  Because  tlie  Avater  is  expanded  by 
heat:  if,  therefore,  a  kettle  is  filled  with 
cold  water,  some  of  it  must  run  over,  as 
soon  as  it  is  expanded  hy  heat. 

0  But  I  have  seen  a  kettle  boil  oveb, 
aWw'ugh  it  Us  not  been  filled  eull  of  water ; 
hoio  do  you  account  for  this  ?  . 

A  If  a  jire  be  fierce,  the  air  and 
yapour  are  expelled  so  rapidly,  tliat  the 
huhhles  are  very  numerous;  and  smce 
these  caiTj  portions  of  the  water  with 
them,  some  of  it  runs  over. 

O  Why  is  a  pot  (which  was  full  to  ovee- 
TLO^INO,  while  the  loater  was  boiling  hot)  kot 
EULL,  afler  it  has  been  taken  of  the  fire  for  a 

short  time  ?  ,         .  • 

A    Because  (while  the  water  is  602^ 

md)  it  is  expanded  by  the  heat  and  fills 

the  pot  even  to  overflowing ;  but,  when 

it  becomes  cool,  it  contracts  again,  and 

occupies  a  less  space. 

IF  liter* 

O      Why  does  the  tvater  of  a  kettle  some- 
timisrun  out  of  the  spout  when  tt  f  j^^ 

A    Because  when  the  hd  fits  tightly, 
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the  steam  cannot  lift  it  up  and  escape  ; 
being  confined,  therefore,  in  the  kettle, 
it  presses  on  the  water  and  forces  it  out 
of  the  spout.  * 

Q.  What  causes  the  battling  noise,  often 
made  hy  the  lid  of  a  saucepan  or  boiler  ? 

A.  The  steam  (seeking  to  escape) 
forces  up  the  lid  of  the  boiler,  and  the 
weight  of  the  hd  carries  it  hack  again ; 
this  being,  done  frequently,  produces  a 
ratthng  noise. 

Q.  If  the  steam  could  not  lift  Tjp  the  lid 
of  the  boiler,  hoio  ivould  if  escape  ? 

A.  If  the  hd  fitted  so  tightly,  that 
the  steam  could  not  raise  it  up,  the 
boiler  would  hurst^  and  the  consequences 
might  be  serious. 

Q.      When  steam  pours  out  from  the  spout  of 
a  kettle,  the  stream  begins  apparently  half  an 
INCH  off  the  spout  ;  why  does  it  not  begin  close 
to  the  spout  ? 

A.  Steam  is  really  invisible  ;  and  the 
half-inch  (between  the  spout  and  the 
"  stream  of  mist")  is  the  real  steam,  before 
it  has  been  condensed  by  the  air. 

Q      Why  is  not  all  the  steam  intisiele, 
as  udl  08  that  half-inch  ? 
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A.  Because  the  invisible  pai'ticles  are 
condensed  by  the  cold  air;  and,  rolhng 
one  into  another,  look  like  mist. 

Q,  What  BECOMES  of  the  steam,  for  it 
soon  vanishes  T  . 

A.  After  it  has  been  condensed  into 
mist,  it  is  dissolved  hij  the  air  and  dis- 
persed abroad  as  invisible  vapour. 

Q.  And  what  becomes  of  the  invisible 
vapour?  .     .  J 

A.  Being  lighter  than  au",  it  ascends 
to  the  upper  regions  of  the  atmosphere, 
where  (being  again  condensed)  it  contri- 
butes to  form  clouds. 

Every  portion  of  the  atmosphere  contains  more  or  less  iimsible 
yapourf  varying  froui  day  to  day  with  the  state  of  the  weather. 

Q.  Why  does  a  metal  spoow  (left  in  a 
saucepan)  betabd  the  process  ofloiling? 

A.  Because  the  metal  spoon  (being 
an  excellent  conductor)  carries  off  the  heat 
from  the  water;  and  (as  heat  is  carried 
off  by  the  spoon)  -the  water  takes  a 
longer  time  to  boil. 

Q.  Wliy  will  a  pot  (filled  with  tvater)  keveb 
BOIL,  ivhen  immersed  in  another  vessel  full  of 
water  also  ?  •     i  ■ 

A    Because  water  contained  m  au 
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open  vessel  can  never  be  heated  above 
the  boiling  point;  all  the  heat  absorbed 
by  water  after  it  boils,  is  employed  in 
generating  steam. 

Q,  How  does  the  conversion  of  water  into 
steam,  prevent  the  inneb  pot  from  hailing  ? 

A.  Dh'ectly  the  water  in  the  .  larger 
pot  is  boiling  hot  (or  212°,)  steam  is  formed 
and  carries  off  some  of  its  heat ;  therefore, 
212  degs.  of  heat  can  never  j?a5s  through 
it,  to  raise  the  inner  vessel  to  boiling  heat 

Q.       Why  do  SU&AB,  SALT,  SfC,  EETAED  the 

process  of  boiling  ? 

A.  Because  they  increase  the  density 
of  water;  and  whatever  increases  the 
density  of  a  fluid  retards  its  boihng. 

Q-  If  you  want  water  to  toil  without  coming 
in  contact  with  a  Satjoepak,  what  plan  must  be 
adopted? 

A.  We  must  immerse  the  pot  (con- 
taining the  water  to  be  boiled)  in  a  sauce- 
pan containing  strong  brine  or  sugar. 

Q.     Why  would  the  innee  vessel  boil  if  the 
oiTTEE  vessel  contained  strong  beiisie  ? 

A.  Because  brine  ynW.  not  boil,  till  it 
is  raised  to  218  or  220  %9.  TWeibre, 

u 
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212  degs.  of  heat  may  easily  pass  througli 
it,  to  raise  the  vessel  immersed  in  it  to 
boiling  heat. 

Q.  Will/  will  hrine  impart  to  another  vessel 
MOEE  tJian  212°,  and  water  not  so  much  ? 

A.  Because  no  liquid  can  impart  so 
high  a  degree  of  heat,  as  its  own  hoikng 
temperature :  As  water  boils  at  212°,  it 
cannot  impart  212°  of  heat:  but,  as  bnne 
will  not  boil  without  218°  of  heat,  it  can 
impart  enough  to  make  water  boil. 

Q.  Why  can  liquids  impart  no  extea  heat, 
after  they  boil  ?  .  . 

A.  Because  all  extra  heat  is  spent  m 
maUng  steam.  Hence  water  will  not  boil 
a  vessel  of  water  immersed  in  it,  because 
it  cannot  impart  to  it  212  degs.  of  heat; 
but  hrine  will,  because  it  can  impart  more 
than  212  degs.  of  heat,  before  it  is  itself 
converted  into  steam 


Synip  boils  at  .  .  221  degs 

Oil  of  turpentine  .  316  „ 

Sulphuric  acid  .  .  472  „ 

Linseed  oil       .  •  ii 

Mercury    .      •  • 


Ether  boils  at  about  .  Xdegs. 
Alcohol      .      .      '  " 
Water        .      •      •  » 
Water,  -with  one-fifth 

_.v;«v.  ■hr.-'o     n  ImDer  defrree  can  be  made  to  boil,  if 
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Q.     WTiy  are  clouds  higheb  on  a  fine  day  ? 
A.    Because  they  are   lighter,  and 
more  hmjant. 

Q.     WTiy  are  clouds  iighteb  on  a  itnb  day  ? 

A.  1st — Because  the  vapour  of  the 
<}louds  is  less  condensed  ;  and 

2ndly — The  air  itself  (on  a  fine  day)  re- 

^ains  more  of  its  vapour  in  an  invisible  form. 

Q.  Why  is  a  ctjp  put  intebted  into  a  fruit 
pie? 

A.    Its  principal  use  is  to  hold  the 

crust  up  and  prevent  it  from  sinking,  when 

the  cooked  fruit  gives  way  under  it. 

Q.  Does  not  the  cup  pbevent  the  fruit  of 
the  pie  from  BOILIK&  ovee? 

A  No ;  it  will  rather  tend  to  make 
it  boil  over,  as  there  will  be  less  room 
in  the  dish. 

Q.     Uxplain  this. 

A.  "When  a  pie  is  put  into  an  oven, 
the  air  in  the  cup  will  begin  to  expand,  and 
drive  every  particle  of  juice  from  under 
it ;  in  consequence  of  which,  the  pie-dish 
will  have  a  cup-full  less  room  to  hold  its 
fnut  in,  than  if  the  cup  were  taken  out. 

Some  of  the  heated  air  ia  driven  from  the  cup,  and  escapes  ia 
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bubbles  throngli  the  juice,  and  out  of  the  pie  altogether.  The  place 
of  this  is  occupied  by  juice  when  the  pie  cools. 

Q.  If  the  juice  is  driven  out  of  tie  cup  ; 
why  is  the  otjp  always  full  of  juice,  when  the 
pie  is  cut  up?  .  . 

A.  Because  immediately  the  pie  is 
«  drawn"  the  air  in  the  cup  begins  to 
contract  again,  and  occupy  a  smaller  space . 
and  as  the  cup  is  no  longer  full  of  air, 
juice  rushes  in  to  occupy  the  void. 

Q.  W7iy  does  juice  rush  into  the  cup,  when 
the  cup  is  NOT  ruLL  of  aie  ? 

A.  Because  the  external  air  presses 
upon  the  surface  of  the  juice,  which  rushes 
unohstructed  into  the  cup :  as  mercury 
rises  through  the  tube  of  a  barometer.-. 

Tsr  -R  —Since  the  iuice  of  the  pie  runs  into  the  cup,  as  soon  as  it 
ta^en  out'oTth^o^Tthe  cup%revents  the  {uic^„^^^^^^^^^ 
i»,i>r  the  erusL  when  the  pie  is  earned  about  liom  place  lo  puu,ts, 
^tt^oSh    do^s  not  prevent  the  fruit  from  boihng  over. 
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EXPANSION  FROM  HEAT. 
(Continued.) 
Q.     Does  heat  expand  every  thing  else, 
besides  air  md  water  ? 
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A.  _  Yes :  evenj  thing  (that  man  is 
acquainted  with)  is  expanded  by  heat. 

Q.  JVhy  does  a  coopeb  Tieat  Us  hoops 
EED-HOT,  when  he  puts  them  on  a  tub  ? 

A.  1st — As  iron  expands  by  heat,  the 
hoops^  will  be  larger  when  they  are  red- 
hot :  in  consequence  of  which,  they  will 
fit  on  the  tub  more  easily :  and 

Sndly— As  iron  contracts  by  cold,  the 
hoops  will  shrink  as  they  cool  down,  and 
girt  the  tub  with  a  tighter  grasp. 

Q.  TFhy  does  a  -wheelwright  make  the 
vron  hoop  or  'Hire''  bed-hot,  which  helixes  on  a 

WHEEIi  ? 

A.  .  1st — That  it  may  fit  on  more 
easily;  and 

Sndly— That  it  may  girt  the  wheel 
more  tightly. 

Q.     Why  will  a  wheelwrighfs  hoop  fit  the 
ioheel  MOEE  EASILY, /or  being  made  bed-hot  ? 

A.  Because  it  will  be  expanded  by 
the  heat;  and  (being  larger)  will  go  on 
the  wheel  more  easily. 

Q-     Why  will  the  hoops,  which  have  been 
put  on  hot,  giet  the  wheel  more  memly  ? 

u  3 
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A.  Because  they  "will  shrink  as  they 
cool ;  and,  therefore,  girt  the  wheel  with  a 
tighter  grasp. 

Q.  Will/  does  a  stove  make  a  CEACKiiiNO 
IsroiSE,  when  afire  is  very  liot  ? 

A.  Because  it  expands  from  the  heat; 
and  the  parts  of  the  stove  ruVmng 
against  each  other,  or  driving  against 
the  Irieks,  produce  a  cracUing  noise. 

Q.  WliJ/  does  a  stove  make  a  similar  ceack- 
iiNG  NOISE,  when  a  large  fire  is  taken  dowk  ? 

A.  Because  it  contracts  again,  when 
the  fire  is  removed ;  in  consequence  of 
which,  the  parts  ruh  against  each  other 
again,  and  their  connection  with  the 
bricks  is  again  disturbed. 

Q.  Why  does  the  plasteb  round  a  stove 
OEACk:  and  fall  away  ?  •  v  i  j\ 

A.  Because  (when  the  fire  is  hghted) 
the  iron-ivorh  expands  more  than  the 
^rick-work  and  plaster,  and  pushes  them 
Mcay ;  but  (when  the  fire  is  put  out)  the 
metal  shrinks  again,  and  leaves  the 
"  setting"  behind. 

The  "  setting"  is  a  technical  word  for  the  plaster,  &c.,  in  imme- 
diate contact  with  the  stove. 
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Q.     Why  does  tJie  plaster's AXih  KWKY? 

A.  As  a  chink  is  left  (between  the 
"setting"  and  the  stove),  the  plaster 
will  frequently  fall  away  from  its  own 
weight. 

Q.     WTiat  OTHEE  cause  contributes  to  BErNG 

the  PIASTEE  DOWN  ? 

_  A.  As  the  heat  of  the  fire  varies,  the 
size  of  the  iron  stove  varies  also ;  and  this 
expanding  and  contracting  keep  up  such 
a  constant  disturbance  about  the  plaster, 
that  it  crachs  and  falls  off. 

Q.  Why  does  the  meectjet  of  a  theemome- 
TEE  EISE  in  hot  weather  ? 

A.  Because  heat  expands  the  metal, 
which  (being  increased  in  bulk)  occupies 
a  larger  space ;  and,  consequently,  rises 
higher  in  the  tube. 

Q.     Why  is  a  &LASS  BEOEiiN,  when  hot 
WATEE  is  poured  into  it  ? 

A.  Because  the  inside  of  the  glass 
is  suddenly  more  expanded  by  the  hot 
water  than  the  outside;  and  in  conse- 
quence of  this  unequal  expansion  the 
glass  snaps 
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Q.     Wly  is  not  tie  otjtside  of  tie  glass 
expanded  hy  hot  water,  as  much  as  the  inside  ? 

A.  Because  glass  is  a  bad  conductor 
of  heat,  and  hreals  before  the  heat  of  the 
inner  surface  is  conducted  to  the  outside. 

Q,  Why  does  a  glass  snap,  lecause  the  inner 
surface  is  hotteb  than  the  outeb  ? 

A.  Because  the  inner  surface  is 
expanded,  and  not  the  outer :  in  conse- 
quence  of  which,  an  opposing  force  is 
created  which  breaks  the  glass. 

Q.  Why  is  a  china  cup  hroken,  if  hot 
"WATBB  le  poxt/red  over  it,  or  into  it  ? 

A.  Because  china  is  a  bad  conductor ; 
and  (as  the  inner  surface  expands  from 
the  heat  more  than  the  outer)  an  opposing 
force  is  created,  which  breaks  the  cup. 

Q.  If  a  glass  heaJcer  he  set  on  a  warm  hob, 
why  does  the  bottom  come  oee  ? 

A  Because  glass  is  a  bad  conductor; 
and  (as  the  hottom  of  the  glass  expands 
from  the  warmth  of  the  hot  stove,  before 
the  sides  are  heated)  the  two  parts  separatt 
from  each  other. 
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CHAPTEK  XI. 


2.  — LIQUEFACTION. 

3.  — VAPORIZATION. 

Q.     WTiat  is  meant  ly  mquefactioh"  ? 

A.  The  conversion  of  a  solid  into  a 
liquid  by  the  agency  of  heat:  as  soHd 
ice  is  converted  into  water  by  the  heat 
of  the  sun. 

Q.  WJiy  is  ice  melted  by  the  heat  of  the 
BUN  ?  . 

A.  Because  the  heat  of  the  sun  forces 
its  particles  asunder ;  till  theii^  attraction 
of  cohesion  is  sufficiently  overcome,  to 
convert  the  solid  ice  into  a  liquid. 

See  p.  115. 

Q  Why  are  metals  melted  by  the  heat 
vf  fiee  ? 

A.  Because  the  heat  of  the  fire  forces 
their  particles^  asunder;  till  their  attrac- 
tion of  cohesion  is  sufficiently  overcome, 
to  convert  the  solid  metal  into  a  liquid. 

Q.  Why  is  WATEE  converted  into  steam  bv 
the  heat  of  the  eiee  ?  ^ 

A.    Because  the  heat  of  the  fire 
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separates  its  globules  into  very  minute 
buhhlcs ;  which  (being  hghter  than  air)  fly 
off  from  the  surface  in  the  form  of  steam. 

Q.     WTiy  does  not  wood  melt  like  metal  ? 
A.    Because  the   heat  of  the  fire 
decomposes  the  wood  into  gas,  smole,  and 
ashes;  and  the  different  pai'ts  separate 
from  each  other. 

Q.     What  is  meant  ly  vapoeization  ? 
A.    The  conversion  of  a  solid  or  liquid 
into  vapour :  as  snow  or  water  is  con- 
verted into  vapour  by  the  heat  of  the  sun. 
Q.     What  are  olottds  ? 
A.    Moisture  evaporated  from  the  earth, 
and  again  partially  condensed  in  the  upper 
regions  of  the  air. 

Q.     What  is  the  difference  letween  o  roa 
and  a  olottd  ? 

A.  Clouds  and  fogs  differ  only  in  one 
respect.  Cloiids  are  elevated  above  our 
heads :  but  fogs  come  in  contact  with  tlie 
surface  of  the  earth. 

Q.     Why  do  clouds  tloat  so  readily  in  the 
air  ? 

A.    Because  they  aie  composed  of 

i 
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very  minute  globules  (called  ves'cicles)  ; 
which  (being  Hghter  than  air)  float,  like 
soap  hubbies. 

Q.  WTiy  does  vapoue  sometimes  form  info 
CLOCDS,  and  sometimes  rest  upon  the  earth  as 
Hisx  or  roG  ? 

A.  This  depends  on  the  temperature  of 
the  air.  When  the  surface  of  the  earth  is 
warmer  than  the  lower  air,  the  vapour  of 
the  earth  (being  condensed  by  the  chill 
air)  becomes  mist  or  fog.  But,  when  the 
lower  air  is  warmer  than  the  earth,  the 
vapour  rises  through  the  air,  and  becomes 
cloud. 

Q.     Are  AXL  clouds  alike  ? 
A.    No.   They  vary  greatly  in  density 
theight,  and  colour.  ' 

Q.    TFliat  is  the  chief  cause  of  fog  and  clouds  ? 

A.   The  changes  of  the  wind. 

Many  local  circmnstances  also  favour  the  formation  of  clouds. 

,         Q-     -Sbztf  can  the  changes  of  the  wno) 
t,affict  the  clouds  ? 

A.  If  a  cold  current  of  wind  blows 
= suddenly  over  any  region,  it  condenses  the 
invisible  vapour  of  the  air  into  cloud  or 
ram:  but  if  a  warm  current  of  wind 
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blows  over  any  region,  it  disperses  the 
clouds,  by  ahsorhing  the  vapour. 

Q.     WJiat  countries  are  the  most  cloudy  ? 

A.  Those  where  the  winds  are  most 
variable,  as  Britain. 

Q.     WJiat  cowitries  are  the  least  cloudy  ? 

A.  Those  where  the  winds  are  least 
variable,  as  Egypt. 

Q.  What  DISTANCE  are  the  clouds  from 
the  eauth  ? 

A.  Some  thin  light  clouds  are  elevated 
above  the  highest  mountain  top ;  some 
heavtj  ones  touch  the  steeples,  ti'ees,  and 
even  the  earth :  but  the  average  height 
is  between  one  and  tivo  miles. 

N.B.— streaky  curling  clouds  like  hair,  are  often  5  or  6  miles  high. 

Q,     What  clouds  are  the  lowest  ? 

A.  Those  which  are  most  highly  elec- 
trified :  lightning  clouds  are  rarely  more 
than  about  700  yards  above  the  ground ; 
and  often  actually  iowc/i  the  earth  with 
one  of  their  edges. 

Q.     What  is  the  size  of  the  olotjds? 

A.  Some  clouds  are  20.  square  miles 
in  surface,  and  above  a  mile  in  thickness  ; 
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while  others  are  only  a  few  yards  or 
inches. 

Q.     Soio  ccm  persons  ascertain  the  thick- 
NESs  of  a  cloud? 

k.    As  the  tops  of  high  mountains  are 

generally  above  the  clouds,  travellers  may 

pass  quite  thi'ough  them  into  a  clear  blue 

firmament ;  when  the  clouds  will  be  seen 

•  beneath  their  feet. 

Q.  TVhat  produces  the  great  vaeiett  in  the 
I BHAPE  of  the  clouds  ? 

A.  Three  things:  1st— The  cause 
land  manner  of  their  formation: 

Sndly— Their  electrical  condition  :  and 
3rdly— Their  relations  to  currents  of 
xwind. 

Q.  Kow  can  electeicitt  a  feet  the  shape 
oof  clouds? 

A.  If  one  cloud  be  full  of  electricity 
sand  another  not,  they  wiU  be  attracted 
tto  each  other,  and  either  coalesce,— 
■  dimimsh  in  size,— or  vanish  altogether 

Q.     ^bjlt  clouds  assume  the  most  FAi^TASTio 
shapes  ? 

A.    Those  that  are  the  most  hiahln 
decirijied. 
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Q.  TVhat  effect  have  winds  on  the  shape 
of  clouds  ? 

A.  They  sometimes  absorb  them  en- 
tirely :  sometimes  increase  their  volume 
and  density;  and  sometimes  change  tlie 

position  of  their  parts. 

Q.    Sow  can  winds  absoeb  clouds  altogether  ? 

A.  Wai-m  dry  winds  will  convert  the 
substance  of  clouds  into  invisible  vapour, 
which  they  will  carry  away  in  their  own 
current. 

Q.  Sow  can  winds  inceease  the  bulk  and 
density  of  clouds  ? 

A.  Cold  currents  of  wind  will  con- 
dense the  invisible  vapour  of  the  air,  and 
add  it  to  the  clouds  with  which  they  come 

in  contact. 

Q.  How  can  winds  chajs-&e  the  shape  of 
clouds,  hy  altering  the  position  of  their  parts  ? 

A.  Clouds  are  so  voluble  and  hght, 
that  every  breath  of  wind  changes  the 
position  of  their  ves'cicles  or  bubbles. 

Q,  What  are  the  general  coloues  of  the 
clouds  ? 

A.  White  and  grey,  when  the  sun  is 
above  the  horizon :  but  red,  orange,  and 
yellow,  at  sun-rise  and  sun- set. 

The  hlue  sky  is  not  cloud  at  aU. 
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Q.  Why  are  tie  last  clouds  of  evening 
generally  of  a  eeb  tinge  ? 

A.  Because  the  red  rays,  being  less 
refrangible  than  the  yellow  or  blue  rays, 
remain  longest  in  sight,  as  the  surface 
of  the  earth  turns  away  from  the  sun. 


Ught  IS  composed  of  three  coloured  rays,  blue. 
'■^^V  iH  through  the  atmosphere  S, 

thMe  are  separated  from  each  other;  the  blue  being  di-awn  raott 

r^'-  ''"'^  As  the  larth  with  Us 

clouds  and  atmosphere  turn  round  the  pole  P,  in  the  direction 

R  fi,?;  '^'""'^  P''^^        ^der  the  blue  rays  at 

tiiin  hi  fhr'^"'^  ''""^  '^^^'^      red  rays  at  R ;  and  be 

toged  by  their  respective  colours.  An  observer  placed  at  E,  iust 
^J^L'^'^T^^^^"  darkness  towards  C,  would  see  the  clouds 
tmged  red  at  K,  restmg  upon  the  western  horizon. 

Q.  WJiy  are  the  eaelt  morning  clouds  qene- 
f  rally  BED  ?  J  ^ 

A.    Because  the  red  rays,  being  less 
r  refrangible  than  the  i/^Z/ow;  or  rays, 
come  soonest  into  sight,  as  the  surface 
of  the  earth  turns  mto  dayUght. 
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Suppose  tlie  eartti  to  be  turning  in  the  direction  DC  A.  Then 
any  given  cloud  would  co  me  first  into  the  light  of  the  red  rays 
and  the  observer  at  E  would  see  it  so  tinged  on  the  eastern  horizon, 
just  as  he  was  coming  into  daylight. 

Q.     W7iaf  is th*  cause  o/'mobning  twilight  ? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are 
bent  down  while  the  sun  is  «=itill  invisible 
beneath  the  horizon. 

Q.     What  is  the  causeofETEm^Q  twilight? 

A.  Some  of  the  rays  of  light  which 
strike  the  top  of  the  atmosphere,  are  bent 
down,  when  the  sun  has  sunk  out  of 
sight  beneath  the  horizon. 

Q.     Why  is  not  the  coloitr  of  clouds  always 

ALIKE  ? 

A.  Because  the  condition  of  the 
atmosphere  is  continually  varying,  as  also 
the  size,  density,  and  relative  position  of 
the  clouds  with  regard  to  the  sun:  so 
that  sometimes  one  colour  is  reflected, 
and  sometimes  another.  v', 

Q.    WTiat  regulates  the  motiok  of  the  clouds  ? 

A.  Principally  the  mWs;  but  some- 
times electricity  will  influence  their  mo* 
tion  also. 
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Q.  Sow  do  you  know  tliat  clouds  move  hy 
OTHEE  influences  besides  "wind  ? 

A.  Because  (in  calm  weather),  we 
often  see  small  clouds  meeting  each  other 
from  opposite  directions. 

Q.  Sow  do  you  know  that  execteicitx 
ejects  the  motions  of  the  clouds? 

A.  Because  clouds  often  meet  from 
opposite  directions;  and,  having  dis- 
charged their  opposite  electricities  into 
each  other,  vanish  altogether. 

Q.  Into  hoio  many  oi-asses  are  the  different 
sorts  of  clouds  generally  divided  ? 

A.  Into  three  classes  : — viz.  Simple, 
Intermediate,  and  Compound. 

Q.     How  are  simple  clouds  sub-divided  ? 
A.    Into  1. — Cirrus;  2. — Cum'ulus; 
and  3. — Stra'tus  clouds. 

Q.     What  sort  of  clotids  are  called  oieexts  ? 

A.  Clouds  hke  fibres,  loose  hair,  or 
ihin  streaks,  are  called  "  cirrus  clouds." 

Q.     Why  are  these  clouds  called  cieetjs  ? 

A.  From  the  Latin  word  cinus  ("  a 
lock  of  hair,  or  curl") :  Cirrus  clouds  are 
the  most  elevated  of  all. 

X  8 
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Q.     What  do  ciebus  clouds  pobtend  ? 

A.  Fine  weather.  Whenever  cirrus 
clouds  appear,  there  is  but  little  moisture 
in  the  air,  and  this  is  only  slowly  con- 
densed in  the  higher  regions  of  the 
atmosphere. 

Q.    WJiat  sort  of  clouds  are  called  ctjm'ultts  ? 

A.  Cumulus  cloud  are  lumps,  like 
great  sugar  loaves, — volumes  of  smohe, — 
or  mountains  towering  over  mountains. 

Q.  Whi/  are  these  monster  masses  called 
cum'ttlus  clouds  ? 

A.    From  the  Latin  word  cum'uhs 

("  a  mass  or  pile.") 

Q.     TVhat  do  ouM'ULUS  clouds  fobeshow  ? 

A.  When  these  piles  of  cloud  are 
fieecij,  and  sail  against  the  wind,  .  they 
indicate  rain  ;  but  when  their  outline  is 
very  hard,  and  they  come  up  with  the 
wind,  they  foretell  fine  weather. 

Cum'ulus  clouds  should  be  smaller  towards  evening  ttan  they 
are  at  noon.  If  they  increase  in  size  at  sun-set,  a  thunder  storm 
may  be  expected  in  the  night. 

Q.     What  sort  of  clouds  are  called  stb  a'tus  ? 

A.  Creeping  mists,  especially  preva- 
lent in  a  summer's  evening :  these  clouds? 
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rise  at  sun-set  in  low  damp  places;  and 
are  always  nearer  the  earth,  than  any 
other  sort  of  cloud. 

Q.    WTiy  are  tJiesemists  called  ST-RA.iva  clouds? 
A.   From   the   Latin    word  stratus 
("  laid  low,"  or  "  that  which  hes  low.") 

Q.     WTiat  produce  cieeus  clouds  ? 

A.  Moisture  in  a  visiuie  form,  de- 
posited  in  the  higher  regions  of  the 
atmosphere  from  ascending  currents  of 
heated  air. 

Q.     What  produce  cumulus  clouds  P 

A.  Masses  of  visible  vapour  passing' 
from  the  places  where  they  were  formed, 
to  other  places  where  they  are  about 
to  be  either  dissolved,  or  deposited  as 
lalhng  rain. 

Q.     What  produce  steatus  clouds  ? 

A.  Beds  of  visible  moisture,  formed 
>  by  some  chilhng  eflfects,  acting  along  the 
'  direct  surface  of  the  earth. 

Q.     Sow  are  the  inteemediate  clouds  sub- 
I  divided  ? 

^  A.    Into  two  sorts.    1.— The  Cirro- 
I  Cumulus;  and  2.— The  Cirro- Stratus. 
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Q.     What  are  ciueo-ctjmtjlits  clouds  ? 

A.  Cirro-Cum'ulus  clouds  are  cirrus 
clouds  springing  from  a  massy  centre ;  or 
heavy  masses,  edged  with  long  streaks, 
generally  called  "  mares'  tails." 

A  system  of  small  round  clouds  may  be  called  cirro-cum'ulM. 

Q.  WTiaf  do  oiEEO-CTTM'ULUS  clouds  gene- 
rally FOEEBODE  ? 

A.  Continued  drought,  or  hot  dry 
weather. 

Q.     What  are  oieeo-stba'ttts  clouds  ? 

A.  They  compose  what  is  generally 
called  a  "  macharel  shy."  This  class  of 
clouds  invariahly  indicates  rain  and  wind  ; 
hence  the  proverb — 

•'Mackarels'  scales  and  mares'  tails 
Make  lofty  ships  to  carry  low  sails." 

Q.     What  produce  oiEEO-OTTM'TrLUS  clouds? 

A.  Cumulus  clouds  dissolving  away 
into  cirrus  produce  the  intermediate  class, 
called  cireo-cum'ulus. 

Q.     What  produce  cieeo-stea'ttts  clouds  J 

A.  Cirrus  clouds  accumulating  into 
denser  masses  produce  the  intermediate 
class,  called  cireo-steatus. 

Q.     ^9vo  are  compound  clouds  sub-divided  ? 
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A.  Compound  clouds  are  sub-divided 
into  2  sorts.  1 . — The  Cum'ulo-  Stra'tus ; 
and  2. — The  Nimbus  clouds. 

Q.  What  is  meant  hy  citm'tjlo-steattts 
clovds? 

A.  Those  clouds,  which  assume  all 
sorts  of  gigantic  forms ;  such  as  vast 
towers  and  rocks, — huge  whales  and 
dragons, — scenes  of  battles, — and  cloudy 
giants.  This  class  of  clouds  is  the  most 
romantic  and  strange  of  all. 

Q.     WTiai  do  the  ctjmtjlg-steattjs  clouds 

lOBETELI,  ? 

A.  A  change  of  weather  ;  either  from 
fine  to  rain,  or  from  rain  to  fine. 

Q.     Wliat  are  ttimbus  clouds? 

A.  All  clouds  from  which  rain  falls. 
Nimbus  is  the  Latin  word  for  "  clouds 
which  bring  a  storm." 

Q.  By  what  particular  character  may  the 
:  irOiLBXJs  (or  rain-cloud)  he  at  once  distinguished  ? 

A.  By  the  want  of  a  defined  outline  : 
\  Its  edge  is  gradually  shaded  off  from  the 
<  deep  grey  mass  into  transparency. 

Q.  What  APPEAKANCE  taJces  place  in  the 
I  clouds,  at  the  a^/^roach  of  baiit  ? 
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A.  The  cumulus  cloud  becomes  sta- 
tionary, and  cirrus  streaks  settle  upon  it, 
forming  cum'ulo-stra'tus  clouds ;  hlach 
at  first,  but  afterwards  of  a  grey  colour. 

Q.  Whi/  do  clouds  gather  round  MOTJNTAlif 
TOPS  ? 

A.  Because  the  air  (being  chilled  by 
the  cold  mountain  tops)  deposits  its 
vapour  there,  in  a  visible  form  or  cloud. 

Q.     Wliat  are  tlie  uses  of  clouds  ? 

A.  1st — They  act  as  screens,  to 
arrest  the  radiation  of  heat  from  the 
earth ; 

Sndly — They  temper  the  heat  of  the 
suns  rays  ;  and 

3rdly — They  are  the  great  store-houses 
of  rain. 

«'  Uadiation  of  heat,"  i.e.  the  escape  of  heat,  -when  no  conductor 
carries  it  away. 

Q.     iVhi/  is  wind  said  to  blow  up  the  clouds  ? 

A.  Because  a  dry  warm  wind  (which 
has  travelled  over  seas)  having  absorbed 
a  large  quantity  of  moisture,  deposits 
some  of  it  in  the  visible  form  of  clouds, 
as  '^on  as  it  reaches  a  colder  region  of 
air. 


WEATHEE. 


148 


Q.  Why  does  ■wtdtd  sometimes  dbive  away 
the  clouds  ? 

A.  Because  it  has  travelled  over  dry 
climes  or  thirsty  deserts,  and  become  so 
dry,  that  it  absorbs  vapour  from  the 
clouds,  and  causes  them  to  disappear. 

Q.     WTiat  is  the  cause  of  a  bed  sunset  ? 

A.  The  vapour  of  the  air  not  being 
actually  condensed  into  clouds,  but  only 
on  the  point  of  being  condensed. 

Q.  TFhy  is  a  BED  simset  cm  indication  of  a 
FiKE  DAT  to-morrow  f 

A.    Because  the  vapours  of  the  earth 

ire  not  condensed  into  clouds,  even  by  the 

:old  of  sunset.    Our  Lord  referred  to 

his  prognostic  in  the  following  words : 

'  When  it  is  evening  ye  say  it  will 

)e  fair  weather,  for  the  sky  is  red" 

Matt.  xvi.  2.) 

Q.     What  is  the  cause  of  a  coppery  teliow 

X-SET? 

A.    The   vapour  of  the  an:  being 
ctually  condensed  into  clouds:^- 

Q.  WTiy  do  vapours  (not  actually  condensed) 
rfract  BED  rays,  while  condensed  vapowr  refracts 
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A.  Because  the  beams  of  light  meet 
■with  vei-y  Httle  resistance;  in  conse- 
quence of  which,  those  rays  are  bent 
down  to  the  eye,  which  require  the  least 
refraction,  such  as  red. 

See  figure  on  p.  135,  -where  it  is  evident  that  the  red  ray  A  R,  ia 
less  bent,  than  the  yellow  and  blue  rays,  A  Y,  AB. 

Q.  Why  do  CONDENSED  vapours  refract 
TELLOW  rays,  ivhereas  vapours  not  actually  con- 
densed refract  red  ? 

A.  Because  the  beams  of  hght  meet 
with  more  resistance  from  the  condensed 
vapour ;  in  consequence  of  which,  those 
rays  are  bent  down  to  the  eye,  which 
ai-e  more  refracted  than  the  red,  such  as 
yellow. 

See  figure  on  p.  135,  where  it  is  evident  that  the  yeUow  ray 
AT,  is  more  bent  than  the  red  ray,  AR. 

Q.     Why  is  a  tellow  sun-set  an  indication 

of  WET? 

A.  Because  it  shows  that  the  vapours 
of  the  air  are  already  condensed  into 
clouds;  rain,  therefore,  may  be  shortly 
expected. 

Q,     What  is  the  came  of  a  bed  sttn-eisb  ? 
a!    Vapour  in  the  upper  region  of  the 
m  just  on  the  point  of  being  condensed. 
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Q.  Why  may  a  red  and  lowering  slty  at  mor- 
ning he  an  indication  of  approaching  eainV 

A.  Because  the  density  of  the  air  is 
due  to  an  excess  of  vapour  at  the  point 
of  condensation;  hence  our  Lord's  obser- 
vation, "  In  the  morning  ye  say,  it  will 

Ibe  foul  weather  to-day,  for  the  sky  is  red 

jand  lowering."    (Matt.  xvi.  3.) 

»from°(hf  vX°J^'f  ^^'^^  ^  'l'^  je'  of  steam  issuing 

fttom  the  valve  of  a  locomotive,  where  it  is  just  becoming  visible 
Ifrom  condensataon    Professor  Griffiths  states,  that  th^^red 
i«PnH?°^  ^^''^  ^'"^"'es  foul  weather, Te- 

ppenda  upon  excess  of  vapour  in  the  atmosphere :  bit  as  a  general 
^Z'J:^7  ^  transparent  than  moist,  and  red  ravs  have  more 

E^rs^eftin'S^i^^S."  '"""'""^^  l^encetLsunTr^el 

Q.  Why  is  a  grey  sun-rise  often  indicative 
^fa  FINE  day? 

^  A.    Because  at  the  instant  of  sun- 
mse  the  higher  regions  of  the  air  are 
;compai'atively  free  from  moisture,  and 
''.eeble  white  light  can  pass  through. 

Grey  is  only  -white  in  a  diluted  state. 

Q.     Why  is  a  yellow  tint  in  the  sTcy  indicative 
pfthe  approach  of  wet  ? 

A.  Because  it  shows  that  the  air  is 
noist.  Moist  air  is  more  transparent 
'ban  dry,  and  allows  yellow  rays,  which 
aave  less  momentum  than  red,  to  pass 
•trough  as  weU. 
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Q.  What  difference  Cin  the  state  of  the  air) 
is  required  to  make  a  grey  aiid  red  sun-rise  ? 

A.  In  a  grey  sun-rise  the  air  is 
sufficiently  clear  to  allow  the  three 
coloured  rays  to  pass  with  a  feeble  degree 
of  intensity.  In  a  red  sun-rise,  the  air 
is  so  dense  that  it  stops  all  but  the  red 
rays.    Hence  the  proverb — 

"  Evening  red  and  morning  grey, 
Will  set  the  traveller  on  his  way ; 
But  evening  grey  and  morning  red, 
Will  bring  down  rain  upon  his  head." 

Q.      Why  is  the  sky  blue  ? 

A.  Because  the  weak  blue  rays,  which 
are  reflected  upivards  from  the  earth, 
cannot  get  through  the  air,  and  are 
therefore  sent  down  again. 

It  is,  properly,  the  air  which  is  blue.  Hence  the  sky  becomes 
of  a  deeper  colour,  as  we  ascend  high  mountains. 

Q.  The  proverb  says,  "  A  rainbotc  in  the  mor- 
ning is  the  shepherd's  warning : "  Why  is  it  so  ? 

A.  Because  a  morning  rainbow  must 
be  always  in  the  west;  and  indicates 
that  bad  weather  is  on  the  road  to  us. 

Q.  Why  must  a  morning  rainbow  be  always 
in  the  west  ? 

A.    Because  the  sun  is  in  the  east; 
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and  a  rainbow  can  be  formed  only  when 
the  rainy  clouds  are  opposite  to  the  sun. 

Q.     Why  does  a  rainbow  in  the  west  indi- 
cate that  BAD  WEATHEE  is  on  the  road  to  us  ? 

A.  Because  our  heavy  rains  are 
1  usually  brought  hj  west  or  south-west 
\winds;  and  clouds  which  reflect  the 
(colour  of  the  rainbow  in  the  west,  must 
Ibe  coming  up  with  the  wind. 

This  will  not  be  true  if  the  wind  be  easterly. 

Q.  Theproverh  st^s,  "  A  eainbow  at  hiqrt 
its  the  shepherd's  delight ;"     Why  is  it  so  ? 

A,  Because  a  rainbow  at  night  is  in 
tthe  east ;  and  indicates,  that  bad  weather 
iis  leaving  us. 

Q.  Why  must  a  rainbow  at  itight  be  always 
rni  the  EAST  ? 

A.    Because  the  sun  is  in  the  west; 

aand  a  rainbow  can  be  formed  only  when 

the  rainy  clouds  are  opposite  to  the  sun. 

Q.  Why  does  a  rainbow  in  the  east  indicate 
ithat  bad  weather  is  I/EAVIng  us  ? 

A.  Because  our  rain  is  generally 
brought  by  west  and  south-west  winds; 
'When,  therefore,  the  clouds  (which  reflect 
ithe  rainbow)  have  been  driven  from  the 
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west  to  the  east,  is  a  plain  proof  that 
they  have  abeady  passed  over  us,  and 
are  going  away. 

This  will  not  be  true  if  the  wind  be  easterly, 

Q,     WTiat  is  meant  hy  an  aueoba  boeea'lis, 
or  northern  light  ? 

A.  A  luminous  appearance  in  the  north 
of  the  sky  at  night-time.  Sometiraes 
streaks  of  blue,  purple,  green,  red,  &;c., 
and  sometimes  flashes  of  Ught  are  seen.  \ 

As  these  streams  of  light  have  a  tremulous  motion,  they  are  called 
in  the  Shetland  Isles,  "  Merry  dancers." 

Q.  Describe  the  appearance  of  the  Aurora  \ 
Borealis,  visible  in  England  on  the  night  of  \ 
November  llth,  1848,  I 

A.    The   sky   overhead   seemed  in  |; 
flames,  and  bands  of  various  colours  rose  ' 
from  the  horizon  to  the  North  Star, 
forming  a  luminous  ai'ch.   This  magnifi- 
cent appearance  lasted  from  7  tiU  10  » 
o'clock  at  night. 

Q,     Is  this  the  usual  appearance  of  the 
Aurora  Borealis  in  our  island  ? 

A.  No.  It  is  generally  a  luminous 
white  band  on  the  top  of  a  pitchy  ^'^^ 
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cloud, — low  down  in  the  horizon, — and 
running  from  east  to  west  of  the  due 
north. 

Q.     What  is  tTie  came  of  the  atteoea  boeea'- 
lis,  or  northern  light  ? 

A.    The  passage  of  electricitij  through 
tne  higher  regions  of  the  atmosphere. 

Q.     Why  are  there  diffeeent  coLOtrES  in 
the  Aurora  JBorealis,  such  as  white,  yellow,  red, 
I  and  purple  ? 

A.    Because  the  electric  fluid  passes 

through  air  of  different  densities.  The 

most  rarefied  air  produces  a  loliite  light  ; 

;the  most  dry  air,  red;  and  the  most 

I  damp  produces  ijellow  streaks. 

Q.  Is  the  Aurora  Borealis  ever  accompanied 
"t  ly  sound  ? 

A.  Yes,  it  is  frequently  accompanied 
Iby  sounds  resembling  hissing,  murmur- 
ling,  rumbhng,  or  crackling. 

When  its  coruscations  are  very  bright,  unsettled  -weather  gene 
r  rally  follows ;  but  in  1848  and  1849,  brilliant  displays  of  the  Aurora 
I  Borea'Us  were  followed  by  yery  fine  weather. 

Q.     Why  does  a  haze  round  the  stjn  indi- 
r  cote  EAIN  ? 

A.  Because  the  haze  is  caused  by  very 
'jine,  rain,  suspended  in  the  upper  regions  of 

o  3 
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the  air ;  when  this  is  the  case,  a  ram  of 
6  or  6  hours  duration  may  be  expected. 

Q.     Why  is  a  haIiO  round  the  moon  a  sure 
indication  of  eain  ? 

A.    Because  it  is  caused  by  fine  rain, 
suspended  in  the  up'per  regions  of  the  air. 
The  larger  the  halo,  the  nearer  the  rain-  ■ 
clouds,  and  the  sooner  may  rain  be  ex- 
pected. 

Q.  What  is  the  cause  of  a  black  mist  :  and  \ 
why  does  it  bring  wet  iveather  ?  .    .  \ 

A.    The  mist  is  llac^,  because  it  is .  \ 
overshadowed  hj  dense  clouds ;  and  ivei  [ 
weather  may  be  expected,  because  the 
air  is  saturated  with  vapour. 

Q.    Why  is  MIST  sometimes  white  :  and  why 
does  a  white  mist  indicate  eine  loeather  ?  i, 

A.    The  mist  is  lohite,  because  no 
clouds  hlachen  it  with  tjieir  shadow ;  and  j 
fine  tveather  may  be  expected,  because 
the  sky  is  cloudless. 

Q.     Wliy  do  we  feel  almost  stutgcated  in 
a  hot  cloudy  night  ? 

A.  Because  the  heat  of  the  earth 
cannot  escape  into  the  upper  region  of 
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the  air;  but  is  pent-in  by  the  clouds, 
and  confined  to  the  surface  of  the  earth. 

Q.  WJiy  do  we  feel  sprightly  in  a  clear 
hright  nigTit  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of 
the  air,  and  is  not  confined  or  pent-m 
by  thick  clouds. 

Q.  Why  do  we  feel  depbessed  in  spieits 
on  a  WET  murky  dat  ? 

_A.  1st — Because  the  air  is  laden 
with  vapour,  and  has  (proportionally)  less 
oxygen. 

Sndly— The  air  being  lighter  than 
usual,  does  not  balance  the  air  in  our 
'  hody :  and 

3rdly — Moist  air  has  a  tendency  to 
( depress  the  nervous  system.  ' 

Q.    JVhat  is  meant  hy  the  "  air  lalancing  tie 
■  air  in  oit/r  hody  ?" 

A.  The  human  body  contains  air  of 
la  given  density;  if,  therefore,  we  ascend 
■into  rarer  air,  or  descend  into  denser, 
!the  balance  is  destroyed,  and  we  feel 
^  oppressed. 
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Q.  Why  do  we  feel  ttncomfoetable,  if  the 
air  around  is  not  of  the  same  density,  as  that  in 
our  body  ? 

A.  Because  if  the  air  be  more  deuse 
than  our  body,  it  will  xDroduce  a  feeling 
of  oppression;  if  it  be  less  dense,  the 
air  in  our  body  will  produce  a  feeling  of 
distension. 

Q.  WTiy  do  persons,  who  asceub  in  bal- 
LOONS,/ee/  PAIN  in  their  eyes,  ears,  and  chest? 

A.  Because  the  air  in  the  upper 
regions  of  the  atmosphere  is  more  rare 
than  the  air  in  their  bodies;  and  (till 
equilihriuvi  is  restored)  pain  will  be  felt  in 
the  more  sensitive  parts  of  the  body. 

More  especially  in  the  tympanum  of  the  ear. 

Q.  Why  do  persons,  who  descend  iraDiYiNG- 
BELiiS,  feel  PAIN  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  diving-bell 
is  compressed  by  the  upward  pressui'e  of 
the  water:  in  consequence  of  which, 
great  pain  is  felt  in  the  more  sensitive 
parts  of  the  body. 

The  pressure  thus  caused  is  sometimes  sufficient  to  rupture  the 
jaembrane  of  the  tympanum,  and  produce  incurable  deafness. 

Q.     Why  are  peael  divees  very  frequently 
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A.  Because  the  pressure  of  the  ivater 
against  the  tympanum  of  their  ears 
ruptures  the  membrane;  and  this  rup- 
ture  produces  incurable  deafness. 

Q.     TFTien  the  white  cloud  from  the  chimney 
of  a  steam  engine  is  seen  trailing  a  long  distance 
why  may  eain  le  expected  ? 

A.  Because  the  air  is  unwilhng  to 
absorb  any  more  moisture,  and  must  be 
ah-eady  nearly  saturated  with  it. 

Q-  At  lohat  HorE  of  the  day  may  this  prog- 
nosttc  of  ram  le  most  certainly  depended  on? 

A.  When  it  is  seen  at  about  three  in 
ithe  afternoon,  a  wet  evening  is  almost 
tsure  to  follow. 

Q.    Which  is  the  more dense,M0l8T or  DUYair? 

A.  Dr?/ air  is  the  densest.  TheAveight 
(of  the  atmosphere  almost  always  dimin- 
nshes  as  the  fall  of  rain  approaches. 

_    Q.     JVhen  are  sounds  lotjdest,  in  moist  or 
tin  DRY  weather? 

A.    All  sounds  are  loudest  in  dry  air 
i  because  it  is  densest. 

rcSver  of  a^^5^"  S'n^  ^^^""^^  T''^"  "  ^  the 
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Q.  Why  do  we  feel  beaoed  and  light- 
HEAETED  oti  a  TINE  spring  or  feostt  morning  ? 

A.  1st — Because  there  is  more  oxygen 
in  the  air  on  a  fine  frosty  morning,  than 
on  a  wet  day  :  and 

2ndly — A  brisk  frosty  air  has  a  ten- 
dency to  })race  the  powers  of  the  nervous 
system. 

Q.  W)iy  do  dogs  and  cats  (confined  to  a  room) 
feel  LAZY  and  deowsy,  at  the  approach  of  rain? 

A.  1st — Because  the  air  does  not 
contain  its  full  proportion  of  oxygen  :  and 

Sndly — The  damp  depresses  the  powers 
of  their  nervous  system,  and  makes  them 
drowsy. 

Q.  When  sheep  lie  under  a  hedge,  and 
seem  unwilling  to  go  to  pasture,  eain  is  at  hand . 
Explain  the  reason  of  this. 

.  A.  The  damp  air  relaxes  their  nervous 
system,  and  they  consec[uently  feel  hstless 

and  drowsy. 

Q.  Whg  do  hoeses  neigh,  cattle  low,  sheep 
bleat,  and  asses  bray,  at  the  approach  of  rain? 

A.  Damp  air  relaxes  their  nerves,  and, 
therefore,  they  feel  languid  and  uneasy. 

Q.  Mention  some  othee  animals,  which  indi- 
cate the  approach  of  rain  in  a  similar  way. 
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A.    When  pigs  squeak,  as  if  in  great 

{pain — frogs  croak  with  a  loud  hoarse 

I  noise — owls  screech — woodpeckers  cry 

— peacocks  scream — guinea-fowls  squall 

— or  ducks  and  geese  are  unusually 

moisy,  rain  is  close  at  hand. 

Q.  Why  do  CANDIES  and  fiees  lurn  with 
ca  'B'LV'EB.  flame  in  wet  weather  ? 

A.  Because  the  heat  of  fire  is  less 
{intense  :  In  consequence  of  which,  some 
cof  the  carhon  is  not  heated  to  whiteness. 

TTnless  the  carbon  be  intensely  heated,  it  will  not  unite  with  the 
oantygen  to  form  carbonic  acid,  but  will  fly  off  as  smoke. 

Q  JFTiy  do  HILLS,  Sfc,  appear  laegeb  in 
WET  weather  ? 

A.  Because  the  air  is  laden  with 
t  vapour,  which  causes  the  rays  of  Hght  to 
Hiverge  more;  in  consequence  of  which, 
tthey  produce  on  the  eye  larger  images  of 
objects. 

Q.     JVhy  do  TEEES,  Sfc,  in  wet  weather  a/p 
^oear  ruETHEE  off  than  they  really  are? 

A.  Because  the  fog  or  mist  diminishes 
the  light  reflected  from  the  object;  and 
ias  the  object  becomes  more  dim,  it  seems 
do  be  further  of.M- 
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Q.  WTiy  do  OBJECTS  sometimes  seem  to 
DANCE  in  warm  weather,  after  much  rain  ? 

A,  Because  the  heat  makes  the  fallen 
rain  evaporate  again  into  the  air  very 
quickly,  and  the  ascending  vapour  causes 
the  density  of  the  air  near  the  ground 
to  vary  continually,  and  as  the  passage 
of  the  rays  of  hght  is  afifected,  a  twinkling 
or  dancing  motion  is  produced  on  the  eye 

Q.  Do  not  DOMESTIC  ANIMALS  ffive  some 
indications  hy  luhich  the  approach  of  wet  weather 
may  he  known  ? 

A.  It  is  believed  that  cats  and  house 
dogs  feel  a  cutaneous  irritation  at  the 
approach  of  rain,  and  offer  sensible 
evidence  of  uneasiness. 

Virgil  and  Thompson  have  made  the  subject  a  theme  for  poetry. 
But  the  imagination  which  makes  a  good  poet,  does  not  always 
make  an  accurate  teacher  of  scientific  facts. 

Q.  Why  is  the  air  generally  dbiee  before 
noon  and  before  simmer,  than  it  is  after  noon  and 
after  summer  ? 

A.  Because  in  the  morning  and  in 
the  spring,  the  heat  of  the  air  is  on  the 
increase,  and  is  more  capable  of  holding 
vapour  suspended.  In  the  afternoon  and 
in  the  autumn  it  is  getting  on  the  decrease, 
and  is  less  able  to  hold  vaj^our  suspended. 
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Q.     WTien  the  plants  called  teefoii,  dan- 
DELIOK,  PIMPERNEL,  Sfc,  FOLD  up  their  leaves, 
;  EAIN  is  always  close  at  hand :  Eccplain  this. 

A.  1st — The  cloudy  weather  climin- 
i  ishes  the  light  of  the  sun ;  and  without 
ithe  stimulus  of  sunhght,  these  flowers 
1  never  open  their  leaves  :  and 

Sndly — The  vapour  of  the  damp  air, 
iinsinuates  itself  into  the  vessels  of  these 
tdehcate  plants,  and  affects  their  vital 
ssensibihties  in  some  unknown  way. 

All  these  plants  close  at  sun-set  also. 

Q.    Why  do  doors  swell  in  bainy  we  athee  ? 

A.  Because  the  air  is  filled  ivith 
wapour,  which  penetrates  into  the  pores 
(of  the  wood,— /o?-cgs  the  parts  further 
capart, — and  swells  the  door. 

Q.     Why  do  doors  sheink  in  det  weather  ? 

A.    Because  moisture  is  absorbed  from 

\ihe  wood :   and,  as  the  particles  are 

[brought  closer  together,  the  size  of  the 

door  is  lessened, — in  ather  words,  the 

door  shrinks. 

Q.     Why  is  the  air  Jilled  with  offensive 
I  smells,  just  previous  to  eain  ? 

A.    Because  the  volatile  parts  which 
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rise  from  dunghills,  sewers,  &c.,  are 
arrested  by  tlie  vapour  of  the  air,  and 
prevented  from  rising  so  readily,  as  when 
the  sun  is  shining  brightly. 

Q.  Whi/  do  FLOWEES  smell  sweetee  and 
BTiLOT'fQiEJi,  just  previous  to  rain? 

A.  Because  the  volatile  parts  which 
constitute  the  perfume  of  flowers,  are 
prevented  (by  the  vapour  of  the  au-)  from 
rising;  in  consequence  of  which,  they 
ai-e  confined  to  the  lower  regions  of  the 
atmosphere. 

N.B. — Many  essential  oils  and  other  volatile  substances,  ■which 
produce  odours  in  plants,  require  the  presence  of  much  moisture  for 
their  perfect  development. 

Q.  Why  do  HOESES  and  otTier  animals 
stretch  out  their  necks,  and  snuee  up  the  aie, 
just  previous  to  a  fall  of  EA.IN  ? 

A.  Because  they  smell  the  odour  of 
plants  and  haij,  and  dehght  to  snuff  in 
their  fragrance. 

Q.  Why  does  smoke  fall,  when  eaut  is  at 
hand  ? 

A.  Because  the  air  is  less  dense,  and 
cannot  buoy  up  the  smoke  so  readily,  as 
dry  and  heavy  air. 
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j  Q.  Wliy  do  SWALLOWS  fly  low,  wTien  bain 
'  ■  is  at  hand  ? 

A.    Because  the  insects  (of  which  they 
Are  in  pursuit)  have  fled  from  the  cold 
1  upper  regions  of  the  air,  to  the  ivarm  air 
■near  the  earth  :  and  as        food  is  loWj 
■the  swallows  fly  low. 

Q.  Will/  do  these  rNSECTS  seek  the  lowef 
)  regions  of  the  air  in  wet  weather,  more  than  in 

A.  Because  (in  wet  weather)  the 
xupper  regions  of  the  air  are  colder  than 
tthe  lower  ;  and,  as  insects  enjoy  warmth, 
tthey  seek  it  near  the  earth. 

Q.  IVhy  does  a  downwabd  current  of  cold 
JAIE  bring  nxrs  ? 

A.    Because  it  condenses   the  ivarm 

tvapour;   which  (being  condensed)  de- 

sscends  in  rain. 

Hence  rain  generally  follows  a  London  "pea-soup"  fog:. 

Q.     The  proverb  says,  "A  single  magpib 
fin  spring,  foitl  weathee  will  bring:"  Why 
this  the  ease  ? 

A.  Because  in  cold  stormy  weather, 
yone  magpie  alone  will  leave  its  warm  snug 
.nest  in  search  of  food,  while  the  other 
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stays  with  the  eggs,  or  young  ones ;  but 
in  fine  mild  weather  (when  their  brood 
will  not  be  injured  by  cold)  hath  the 
magpies  fly  out  together. 

Q,  Whi/  is  it  TJNiiircKT  for  anolebs  to 
tee  a  singh-e  magpie  in  spring  P 

A.  Because,  when  magpies  fly  abroad 
singly,  the  weather  is  cold  and  stormy ; 
but,  when  both  birds  fly  out  together,  the 
weather  is  warm  and  mild,  which  is 
favourable  for  flshing. 

Q.  Will/  do  SEA-GTJLLS  Jig  about  the  sea  in 
FINE  weather  ? 

A.  Because  they  ii-y^J  upon  the  fishes 
which  are  found  near  the  surface  of  the 
sea  in  fine  weather. 

Q.  WTig  mag  we  expect  stormy  eaiks, 
when  SEA-GUiiLS  assemble  on  the  land  ? 

A.  Because  the  fishes  (on  which  they 
live)  leave  the  surface  of  the  sea  in  stormy 
weather,  and  are  beyond  the  reach  of  the 
sea-gidls :  so  they  are  obliged  to  feed  on 
the  worms  and  larvce,  which  come  out  of 
the  ground  at  such  times. 

"  Larree,"  little  grubs  and  caterpillars. 
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Q.  Wliy  do  PETEELS  fly  to  the  sea,  during 
a  storm  ? 

A,  Because  they  live  upon  insects, 
which  are  always  to  be  found  in  abun- 
dance about  the  spray  of  sivelUng  ivaves. 

^•'^■'P^^e^  are  birds  of  the  duck  kind,  whicli  live  in  the  open 
«a.  They  run  on  the  top  of  the  waves,  and  are  caUed  Petj-els,  from 
FetreUo,  an  Itahan  word,  which  means  Little  Peter,  in  aUusion  to  St 
Peter  s  walking  on  the  sea  to  go  to  Jesus.  Our  seamen  call  them 
Mother  Carey's  Chickens.   Their  presence  at  sea  presages  a  storm. 

Q.  Why  do  CAJJ-DLES  and  lAMPn  spirt 
when  EAUT  is  at  hand?  ' 

A.  Because  the  air  is  filled  ivith 
vapour  which  penetrates  the  wich  ;  where 
(being  formed  into  steam)  it  expands 
suddenly,  and  produces  a  little  explosion. 

Q.  Why  does  a  deop  of  watee  sometimes 
EOLL  alony  a  piece  of  hot  iron,  without  leaving 
the  least  trace  ? 

A.  Because  the  lottom  of  the  drop  is 
•  turned  into  vapour,  and  himjs  the  drop  up, 
'  without  allowing  it  to  touch  the  iron. 

Q.     Why  does  it  EOlL  ? 

_  A.    Because  the  current  of  air  (Avhich 
1  is  always  passing  over  a  heated  surface) 
drives  it  along. 

p  8 
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Q,  WTiy  JoesaLAUNDRESS^wi  a  little  saliva 
on  a  FLAT-IRON,  to  know  if  it  he  Hot  enough  ? 

A.  Because,  when  the  saUva  sticks  to 
thp  box,  and  is  evaporated,  she  knows  it 
is  not  sufficiently  hot :  but,  when  it  runs 
alonq  the  iron,  it  is. 

Wliy  does  the  saliva  etjn  along  the  flat- 
iron  when  it  is  very  hot  ? 

A.  Because  the  heat  of  the  iron 
converts  the  hottom  of  the  drop  into 
vapour ;  when  this  is  not  the  case,  the 
sahva  will  not  roll  over  the  iron. 

—  ^( 

CHAPTER  XII. 


4.— EVAPORATION. 


Q.     What  is  meant  ly  evapoeation  ? 
A.    The  dissipation  of  Hquid  by  its 
conversion  into  vapour. 

Q.     What  EFFECTS  are  produced  lyevapora- 

*^^L    The  liquid  vaporized  dbsorhs  heat 
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from  the  body  whence  it  issues;  and 
the  body,  deprived  of  the  liquid  by  eva- 
poration, loses  heat. 

Q.  Jfi/ou  WET  1/otir  ITNGEB  in  your  mouth, 
and  hold  it  up  in  the  air,  why  does  it  feel  cold  ? 

A.  Because  the  sahva  quickly  evapo- 
rates ;  and  (as  it  evaporates)  ahsorhs  heat 
from  the  finger,  making  it  feel  cold. 

Q.  If  you  lathe  your  temples  with  ether,  why 
does  it  allay  iNFLAiiMATiON  and  feverish  heat? 

A.  Because  ether  very  rapidly  evapo- 
rates ;  and  (as  it  evaporates)  absorbs 
heat  from  the  burning  head,  producing 
a  sensation  of  cold. 

Q.  Why  is  ETHEB  better  for  this  purpose 
I  than  WATEE  ? 

A.  Because  ether  requires  less  heat 
I  to  convert  it  into  vapour  ;  in  consequence 
<  of  which,  it  evaporates  more  quickly. 

N.B.— Ether  is  converted  into  vapour  -witli  96  degs.  of  heat :  but 
1  water  requires  212  degs.  of  heat  to  convert  it  into  steam. 

Q.     Why  does  ethee  very  greatly  eelievb 

t  a  SCALD  or  BUEK  ? 

A.  B ecause  it  evaporates  very  rapidly  ; 
1  and  (as  it  evaporates)  carries  off  the  heat 
I  of  the  bum. 
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Q.     Wliy  do  we  feel  cold,  when  we  have  wet 

rEET  or  CLOTHES  ? 

A.    Because  the  moisture  of  our  shoes 

or  clothes  rapidly  evaporates ;  and  (as  it 

evaporates)  absorbs  heat  from  our  body, 

which  makes  us  feel  cold. 

Q.     Whi/  do  WET  FEET  oT  CLOTHES  give  us 
"cold?" 

A.    Because  the  evaporation  absorbs 
heat  so  abundantly  from  the  surface  of 
our  body,  that  its  temperature  is  loioered  || 
below  its  natural  standard ;  in  consequence 
of  which,  health  is  injured. 

Q.     Why  is  it  dangeeous  to  sleep  in  a 

DAMP  BEB? 

A.  Because  heat  is  continually  ab- 
sorbed from  the  surface  of  our  body,  to 
convert  the  damp  of  the  sheets  into  vapour : 
in  consequence  of  which,  onr  animal  heat 
is  reduced  below  the  healthy  standard. 

Q.  WJiy  is  HEALTH  INJTTKED,  when  the 
temperature  of  the  'body  is  eeduced  helow  its 
natural  standard  ? 

A.  Because  the  balance  of  the  circu- 
lation is  destroyed  :  Blood  is  driven  away 
from  the  external  surface  by  the  chill, 
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,  and  thrown  upon  the  internal  organs, 
which  are  oppressed  by  this  increased 
i  load  of  hlood. 

Q.  Why  do  we  not  feel  the  same  sensation  of 
I  cold,  if  we  throw  a  macintosh  over  our  wet 

( 010 THE s  ? 

A.  Because  the  macintosh  (being  air- 
t  tight)  prevents  evaporation  ;  and  (as  the 
\wet  cannot  evaporate)  no  heat  is  absorbed 
ij&'om  our  bodies. 

Q.  WTiy  do  not  sailors  "  catch  coJjJ),"  who 
tare  frequently  wet  all  day  with  sea-wateb  ? 

A.  1st — Because  the  salt  of  the  sea 
rretards  evaporation ;  and  (as  the  heat  of 
ttheir  body  is  drawn  off  gradualhj)  the 
ssensation  of  cold  is  prevented  :  and 

2ndly— The  salt  of  the  sea  acts  as  a 
istimulant,  and  keeps  the  blood  cu-cula- 
:ting  in  the  skin. 

Q.    Why  does  SPUiifKLiNG  a  hot  kgom  with 
woater  cool  it  ? 

A.    Because  the  heat  of  the  room 

•causes  a  ropzW  evaporation  of  the  sprinkled 

'water :  and  as  the  water  evaporates,  it 

iihsorls  heat  from  the  room,  which  cools  it. 

Q.     WTiy  does  wateeiko-  the  steeets  and 
roads  cool  them  ? 
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A.  Because  they  part  with  their  heat, 
to  promote  the  evaporation  of  the  water 
sprinkled  on  them. 

Q.  Whi/  does  a  showee  of  bain  cool  the 
AIE  in  summer-time  ? 

A.  Because  the  wet  earth  parts  ivith 
its  heat  to  promote  evaporation ;  and  when 
the  earth  is  cooled,  it  cools  the  air  also. 

Q.  Wliy  is  LINEN  DEIED  ly  leing  exposed 
to  the  WIND  ? 

A.  Because  the  wind  accelerates  evap- 
oration, by  removing  the  vapoui'  from  tlje 
surface  of  the  wet  linen,  as  fast  as  it  is 
formed. 

Q.  Why  is  linen  deied  sooner  in  the  open 
AIE,  than  in  a  confined  room  ? 

A.  Because  the  particles  of  vapour 
are  more  rapidly  removed  from  the 
surface  of  the  Hnen,  which  increases  the 

evaporation. 

Q.  Why  are  wet  simmers  generally  suc- 
ceeded ly  COLD  ivinters  ? 

A.  Because  the  great  evaporation 
(carried  on  through  the  wet  summer) 
reduces  the  temperature  of  the  earth 
lower  than  usual,  and  produces  cold. 
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Q.  Why  is  England  waemeb  them  it  used 
to  he,  when  aqtjes  were  common  ? 

A.    Because  it  is  hett&r  drained,  and 

f^etter  cultivated. 

Q.  Why  does  DBAiKiNa  land  'promote 
rrABiiTH  ? 

A.  Because  it  diminishes  evaporation; 
m.  consequence  of  which,  less  heat  is 
Ibstracted  from  the  earth. 

Q.  Wliy  does  cultivation  increase  the 
r/AEMTH  of  a  country  ? 

A.    1st — Because  hedges  and  })elts  oj 

rees  are  multiphed  : 

Sndly — The  land  is  letter  drained  ;  and 

3rdly — The  ya.^i  forests  are  cut  doion. 

Q.     Why  do  HEDGES  and  belts  of  teees 

ftomote  WABMTH  ? 

A.  Because  they  retard  evaporation, 
)Y  keeping  off  the  tvind. 

Q.  Jf  belts  of  trees  promote  waemth,  why 
I )  forests  produce  cold  ? 

A.  1st — Because  they  detain  and 
'^ndense  the  passing  clouds.  : 

2ndly — They  prevent  the  access  of 
oth  wind  and  sun: 

3rdly — The  soil  of  forests  is  always 
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covered  with  long  damp  grass,  rotting  i 
leaves,  and  thich  hrushivood :  and 

4thly — In  every  forest  there  ai'e  always  j 

many  hollows  full  of  stagnant  water.  \ 

Q.     Why  do  liONG  GRASS  and  eottins  | 

tEAVES  promote  cold  ?  1 

A.    Because  they  are  always  damp:  j 

and  tlie  evaporation  which  they  promote,  \ 

is  constantly  absorbing  heat  from  the  j 

earth  heneath.  * 

Q.     Will/  are  France  and  Oermany  waemee 

now,  than  when  the  vine  would  not  ripen  there  ?  ^ 

A.  Chiefly  because  their  vast  forests 
have  been  cut  down ;  and  the  soil  is  better 
drained  and  cultivated. 

Q.  What  lecomes  of  the  wateb  of  ponds 
and  TUBS  in  simmer-time  ? 

A.  Ponds  and  tubs  are  often  left  dry 
in  summer-time,  because  their  water  is 
evaporated  by  the  air. 

Q.  Sow  is  this  evapoeatton  peodtjced 
and  carried  on  ? 

A.  The  heat  of  the  air  changes  the 
surface  of  the  water  into  vapour,  which 
^^blending  mth.  the  air)  is  soon  wafte-d 
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12VM7J ;  and  this  process  is  repeated,  till 
i;he  pond  or  tub  is  left  quite  dry. 

Q.  Wliy  are  the  tvtieels  of  some  machines 
'•'cept  constantly  "WET  with  "Watee  ? 

A.  To  carry  off  (by  evaporation)  the 
neat  which  aiises  from  the  rapid  motion 
of  the  wheels. 

'    Q.     Why  is  mould  hardetted  ly  the  sttn  ? 

A.  Because  the  moisture  of  the 
mould  is  exhaled  by  evaporation;  and, 
Lts  the  earthy  particles  are  brought  closer 
LOgether,  the  mass  becomes  more  sohd. 

Q.  Show  the  wisdom  of  God  in  this  arranqe- 
\eent.  ^ 

A  If  the  soil  did  not  become  crusty 
md  hard  in  dry  iveather,  the  heat  and 
irought  would  penetrate  the  soil,  and  kill 
ooth  seeds  and  roots. 

Q.  TVhy  is  tea  cooled  bastes  in  a  satjceb 
Aan  in  a  cup  ? 

A.    Because  evaporation  is  increased 
^•y  increasing  the  surface;  and,  as  tea  in 
saucer  presents  a  larger  surf  ace.  to  the 
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avr,  its  heat  is  more  rapidly  carried  ofi 
by  evaporation. 

The  subject  of  ■'  convection"  treated  of  in  afature  chapter ; 

It  would  be  scarcely  understood  in  this  place.    See  p.  23S. 

Q      WTty  is  not  the  vapotje  of  the  SEi.  salt  ? 

A  Because  the  salt  of  the  sea-water 
is  always  left  behind,  in  the  process  of 
evaporation. 

Q  Wliat  is  that  white  crust,  which  appears 
(inhot weather)  upon ci.O'snm wetted bi/sea-wat^er? 

A.  Dry  salt,  left  on  the  clothes  atter 
the  water  has  evaporated. 

Q.  Why  does  this  white  obtist  always  Dis- 
A.PPEAB  in  WET  weather  ?  r    7  ■ 

A.  Because  the  moisture  of  the  air 
dissolves  the  salt;  in  consequence  of 
which,  it  is  no  longer  visible. 

Q  Why  should  not  persons,  who  take  vio- 
lent exercise,  wear  very  thick  clothing  ? 

A  Because  it  prevents  perspnation 
from  evaporating.  When  the  heat  of  the 
body  is  increased  by  exercise,  perspiration 
reduces  it  again  (by  evaporation)  to  a 
healthy  standard:  as  thick  clothmg 
prevents  this  evaporation,  it  is  injurious 
to  health. 
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CHAPTER  XIII. 


COMMUNICATION  OF  HEAT. 

l._CONDUCTION. 

Q.  Sow  is  heat  commtjnioated  from  one 
hody  to  another  ? 

A.  1. — By  Conduction.  2. — By  Ab- 
sorption. 3.— By  Reflection.  4. — By 
Radiation.    And  5. — By  Convection. 

Q.     What  is  meant  hy  condtjotion  of  heat  ? 

A.  Heat  communicated  from  one 
I  body  to  another  by  actual  contact. 

Q.  Why  does  not  a  piece  o/"  wood  (blazing 
tat  ONE  end)  feel  hot  at  the  other? 

A.    Because  woodb  is  so  bad  a^conduc- 

itor,  that  heat  does  not  travel^  ^^-eely 

Jn-ough  it :  hence,  though  one^  end  of 
i  a  stick  be  blazing,  the  other  end  may  be 

quite  cold. 

Q.  Why  do  some  things  feel  coldee,  thwn 
others  ? 

A.    Principally  because  they  are  letter 

Q  2 
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conductors ;  and  draw  ofif  heat  from  our 
body  mucli  faster. 

Q.     What  are  tJie  best  conductors  of  heat  ? 

A.  Dense  solid  bodies,  such  as  metal 
and  stone. 

Q.  Which  metals  are  the  most  eapid  co>"- 
DTJCTOES  of  heat  ? 

A.  The  hest  conductors  of  heat  are 
1 — gold,  2 — silver,  3 — copper: 

The  next  best  are,  4 — plat'inum,  5 — 
iron,  6 — zmc,  7 — tin:  Lead  is  a  very 
inferior  conductor  to  any  of  the  pre- 
ceding metals. 

Q.     What  are  the  worst  conductors  of  heat  ? 

A.  All  light  and  porous  bodies ;  suck 
as  hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  conductors  known  are  hare's  fur  and  eider 
down ;— the  two  next  worst  are  bearer's  fur  and  raw  silk ;  then 
■wood  and  himp-hlack ;— then  cotton  and  fine  lint ;  then  charcoal, 
•wood  ashes,  &c. 

Q.     Why  are  cooTting  vessels  often  furnished 

with  WOODEN  HAKDLES  ? 

A.  Because  wood  is  not  a  good 
conductor,  like  metal;  and,  therefore, 
wooden  handles  prevent  the  heat  of  tke 
vessel  from  rushing  into  our  hands,  to 
bui'n  them 
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Q.  Why  is  the  handle  of  a  metal  tea- 
pot made  of  wood  ? 

A.  Because  wood  is  a  had  conductor  ; 
therefore,  the  heat  of  boiling  water  is 
not  so  quicUij  conveyed  to  our  hand  by  a 
wooden  handle,  as  by  one  made  of  metal. 

Q.  TFhy  would  a  metal  handle  btjen  the 
HA^"D  of  the  tea-maker? 

A.    Because   metal  is  an  excellent 

conductor  ;  therefore,  the  heat  of  boiling 

water  would  pass  so  quickly  into  the 

.metal  handle,  as  to  burn  the  hand. 

Q.  Prove  that  a  metal  handle  would  he 
IHOTTEB  than  a  wooden  one. 

A.  If  we  touch  the  metal  collar  into 
^  which  a  wooden  handle  is  fixed,  we 
f  shall  find  that  the  wooden  handle  feels 
(cold,  but  the  metal  collar  intensely  hot. 

Q.     Why  do  persons  use  paper  or  woollen 

IKETTLE-HOLDEBS  ? 

A.  Because  paper  and  woollen  are 
I  both  veiy  had  conductors  of  heat:  in 

consequence  of  which,  the  heat  of  the 
^ kettle  does  not  readily  pass  through  them 

to  the  hand. 

<13 
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Q.     Does  tie  heat  of  a  boiling  Itettle  netee 
get  through  the  woollen  or  paper  kettle-holder? 

A.  Yes;  but  though  the  kettle- 
holder  become  as  hot  as  the  kettle 
itself,  it  would  never  feel  so  hot. 

Q.  Whj  would  not  the  kettle-holder  peel 
so  hot  as  the  kettle,  when  both  are  of  the  same 
temperature  ? 

A.  Because  it  is  a  very  laa  conductor, 
and  disposes  of  its  heat  too  sloicly  to  be 
perceptiUe ;  but  metal  (being  an  excellent 
conductor)  disposes  of  its  heat  so  quickly, 
that  the  sudden  influx  is  painful. 

Q.  Why  does  hot  metal  feel  mgee  in- 
tensely  warm,  than  hot  wool  ? 

A.  Because  metal  gives  out  a  much 
greater  quantity  of  heat  in  the  same  space 
of  time ;  and  the  influx  of  heat  is,  con- 
sequently, more  perceptible. 

Q.  Whi/  does  money  in  our  pocket  feel 
very  hot,  when  we  stand  before  a  eiee  ? 

A.  Because  metal  is  an  excellent 
conductor,  and  becomes  rapidly  heated  : 
For  the  same  reason,  it  becomes  rapidly 
cold,  whenever  it  comes  in  contact  with 
a  substance  colder  than  itself. 
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Q.     Whj  does  a  PTTMP-HAKDLE/eeZ  intensely 

I  COLD  IN  -WINTEE  ? 

A.  Because  it  is  an  excellent  conduc- 
<tor,  and  draws  off  heat  from  the  hand  so 
1  rapidly,  that  the  sudden  loss  produces  a 
!  sensation  of  intense  coldness. 

Q.  7s  the  lEOiT  handle  of  the  pump  really 
tCOLKEB  than  the  WOODEN  pwmp  itself? 

A.  No:  every  inanimate  substance 
.(exposed  to  the  same  temperature)  pos- 
isesses  in  reality  the  same  degree  of  heat. 

Q.  Why  does  the  lEOsr  handle  seem  so  much 
<C0IDEE  than  the  yfooD^ES  pump  ? 

A.  Merely  because  iron  is  a  better 
i conductor;  and,  therefore,  draivs  off  heat 
ifrom  the  hand  more  rapidly  than  wood. 

Q.  Why  does  a  polished  marble  HEAETn/feZ 
/  fo  the  feet  coldee  than  a  carpet  or  hearth-rug  ? 

A.  Chiefly  because  the  suriface  of 
j  polished  marble  allows  of  a  very  close 
( contact;  and  everj^  point  in  contact  draws 
( off  heat,  till  the  whole  marble  is  as  warm 
\  as  the  foot  resting  on  it. 

stone,  marble,  and  glass,  are  by  no  means  good  conductors,  for 
one  part  of  them  may  be  heated,  whUe  another  part  remains  cold. 

Q.  If  polished  marlle  is  a  bad  conductor, 
why  does  it  diffuse  heat  ? 
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A.  Because  it  is  so  dense  a  substance 
that  its  particles  lie  very  close  together, 

and  can  therefore  impart  heat  to  each  ; 

other  far  more  easily  than  if  the  particles  \ 

were  further  apart.  | 

Q.    Does  not  the  woollen  CAEPETawt?  heaeth-  \ 

BUG,  conduct  heat  from  the  human  body  ?  i 

A.    Yes ;  but  being  very  had  conduc-  j 

tors,  they  convey  heat  away  so  slowly,  \ 

that  its  loss  is  scarcely  perceptible.  \ 

Q.  Is  the  COLD  HEAETH-STONE  in  reality  | 
of  the  SAME  temperature  as  the  waem  caepex  ?  | 

A.    Yes;  everything  in  the  room  is  i| 

really  of  one  temperature,  though  some  | 

things  feel  to  the  touch  colder  than  ? 

others.  ] 

Q.     Sow  LONG  10^7/  a  hearth-stone  feel  cold 
to  the  feet  resting  on  it?  .\ 

A.    Till  the  feet  and  the  hearth-stone  \ 
are  both  of  the  same  temperature;  and 
then  the  sensation  of  cold  in  the  hearth- 
stone will  go  off. 

Q.  Wliy  would  not  the  heaeth-stone  feel 
COLD,  when  it  is  of  the  same  temperature  as  our 
feet? 

A.    Because  heat  would  no  longer 
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vass  from  our  feet  into  the  hearth-stone, 
in  order  to  produce  equilibrium. 

Q.  WTien  the  fire  is  lighted,  why  does  a 
polished  maeble  heaeih  feel  hottee  than  the 

HEAETH-BTJG  ? 

A.    Because  the  polished  surface  of 
the  marble  allows  of  a  much  closer  con- 
■  tact  than  the  hearth-rug,  so  that  it  pours 
heat  into  the  foot  from  many  more  points 
than  the  loose  woollen  pile. 

Q.  Why  does  partint^  toith  heat  eapidlt 
I  make  a  nEAETH-STOirE_/eeZ  waem  ? 

A.    Because  the  rapid  influx  of  heat 
raises  the  temperature  of  our  body  so 
.suddenly,  that  we  cannot  help  perceiving 
the  increase. 

Q.  Why  does  the  non-conducting  power  of 
» a  HEAETH-ETJ&  prevent  its  feeling  so  hot  as  it 
I  really  is  ? 

A.  Because  it  parts  with  its  heat  s? 
sloioly  and  gradually,  that  we  scarcely 
J  perceive  its  transmission  into  our  feet. 

Q.  When  we  plv/nge  our  hakds  into  a  hasin 
i  ofWATEE,  why  does  it  produce  a  sensation  of  cold  ? 

A.  Because  water  is  a  hetter  conductor 
'  than  air ;  and  as  it  draws  off  heat  from 
*  our  hands  more  rapidly,  it  feels  colder. 
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Q.  Why  does  the  coNDUOTrNG  power  of 
water  make  it  feel  colder  than  aik  ? 

A.  Because  it  abstracts  heat  from 
our  hands  so  rapidly,  that  we  feel  its 
loss ;  but  the  air  abstracts  heat  so  very 
sloiohj,  that  its  gradual  loss  is  hardly 

perceptihle. 

Q.     Is  water  a  good  conductor  of  heat  ? 

A.  No;  hquids  are  generally  had 
conductors  of  heat;  but  yet  water  is  a 
much  better  conductor  than  air. 

Quicksilver,  which  is  a  fluid,  is  a  good  conductor  of  heat,  lecauit 
it  is  metallic. 

Q,  Why  is  watee  a  bettee  conductor  of 
heat,  than  aie  ? 

A.  Because  it  is  more  dense:  The 
conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeiuss 
of  its  particles. 

Q.  Row  do  you  know  that  watbe  is  not  a 
GOOD  conductor  of  heat  ? 

A.    Because  it  may  be  made  to  boil 

at  its  surface,  without  imparting  sufficient 

heat  to  melt  ice  a  short  distance  below 

the  surface. 

Q.     Why  are  not  liquids  good  conductors  of 

heat  f 
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A.  Because  the  heat  (which  should 
3e  transmitted)  produces  evaporation,  and 
iics  off  in  the  vapour. 

Q.  WJii/  does  a  pokee  (resting  on  a  fender) 
eel  COLDEE  than  the  HEAETH-rw^,  which  is 
iirther  off  the  fire  ? 

A.  Because  the  poker  is  an  excellent 
conductor,  and  draws  heat  from  our  hand 
much  more  rapidly  than  the  woollen 
nearth-rug,  which  is  a  very  had  con- 
iuctor ;  though  both,  therefore,  are 
fjually  warm,  the  poker  seems  to  be  the 
wider.    (See  also  p.  193.) 

Q.  Why  are  hot  beicks  (wrapped  in  cloth') 
rvployed  in  cold  weather  to  keep  the  feet  warm  ? 

A.    Because  bricks  are  had  conductors 
ff  heat,  and  cloth  or  flannel  still  worse  : 
11  consequence  of  which,  a  hot  brick, 
ivrapped  in  flannel)  will  retain  its  heat 
very  long  time. 

Q.  Why  is  a  tin  pan  {filled  with  hot 
i  a,tee)  employed  as  a  foot  warmer  ? 

A.  Because  polished  tin  (being  a  bad 
'adiator  of  heat)  keeps  hot  a  very  long 
me ;  and  warms  the  feet  resting  upon  it. 
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Q.     What  is  meant  ly  leing  a  "  lad  ea-DIA- 

TOB  of  heat?''* 

A.  To  radiate  heat  is  to  throw  off 
heat  hy  rays,  as  the  sun :  a  poUshed  tin 
pan  does  not  throw  off  the  heat  of  hoiling 
water  from  its  surface,  but  keeps  it  in. 

Q.    Why  are  tin  foot-warmers  covered  with 

1st— That  the  polish  of  the  tm 
may  not  be  injured : 

2n(ily— Because  the  flannel  (bemg 
a  very  had  conductor)  helps  to  keep  the 
tin  hot  longer :  and 

3j.(ily— Lest  the  conducting  surface  of 
the  tin  should  feel  painfully  hot 

Q.  What  disadvantage  would  it  he,  if  the 
^ou^nof  the  tin  were  injured? 

A.  If  the  tin  foot-warmer  were  to 
lose  its  polish,  it  would  get  cold  in  a 
much  shorter  time. 

Q.  Why  would  a  tin  foot-warmer  get  cold 
sooNEE  if  its  POLISH  were  injubeb  ? 

A.  Because  polished  tm  throws  on 
heat  very  slowly ;  but  dull,  scratched, 
painted,  or  dirty  tin,  throws  off  heat  very 
quickly. 
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Q.  _   THiy  are  furnaces  and  stoves  {lohere  much 
HEAT  is  required^  huilt  of  poeotjs  bbicks  ? 

A.  Because  bricks  ai'e  bad  conductors , 
land  'prevent  the  escape  of  heat;  in  conse- 
(quence  of  which,  they  are  employed 
i  where  great  heat  is  required. 

Q.  Wliy  are  s-xrENACE  doors,  ^c.,Jrequentlu 
ccoverea  with  a  paste  of  ciat  and  sand  ? 

A.  Because  this  paste  is  a  venj  bad 
(conductor  of  heat;  and  therefore  prevents 
tthe  escape  of  heat  from  the  fm^nace. 

Q.  If  a  stove  he  placed  in  tie  middie  of  a 
rroom,  sTioiild  it  he  made  of  hricks  or  ieon  ? 

A.  A  stove  in  the  middle  of  a  room 
sshould  be  made  of  iron  ;  because  iron  is 
aan  excellent  conductor,  and  rapidly  com- 
omunicates  heat  to  the  air  around. 

Q  Why  does  the  Bihle  say,  that  God 
^ gxveth  snotv;  Me  wool?" 

A.    Because  snow  (being  a  venj  had 

'Conductor  of  heat)  protects  vegetables 

land  seeds  from  the  frost  and  cold. 

Q.    Sow  does  thencm-conductvngpoiverofwsoTir 
■iPEOTECT  YEQETABLES  from  the  frost  and  coU  r 

A.  It  prevents  the  heat  of  the  earth 
'from  being  drawn  off  by  tlae  cold  air. 
*s?iuch  rests  upon  it.  a 
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Q.     Why  are  woollens  and  rUES  used  for 
clothing  in  cold  weather  ? 

A  Because  they  are  mry  bad  con- 
ductors  of  heat:  and,  therefore,  prevent 
the  warmth  of  our  body  from  bemg 
drawn  off  by  the  eold  air. 

Q.  Do  not  woollens  and  furs  actually  iM- 
SXUT  heat  to  the  body  ?  ,  xt,^ 

A.  No;  they  merely  prevent  the 
heat  of  the  body  from  escaping. 

Q.  Where  would  the  heat  escape  to,  if  our 
lodv  were  ^OT  wrapped  in  wool  or  fur?  ^ 

A  Into  the  ak  ;  for  cold  an'  (coming 
in  contact  with  our  body)  would  gradu- 
ally  draw  away  its  heat,  till  both  were  ot 
the  same  temperature. 

Q.      What  is  the  principal  use  of  clothiko 

in  winter  time  f  .  +  A^om 

A.  1st— To  prevent  animal  heat  ti  om 

escaping  too  freely :  and  ,  ^  ,1,. 

2ndly— To  protect  our  body  from  the 
external  air  (or  wind),  which  would  carry 
away  its  heat  too  rapidly. 

Q.     Why  are  leasts  covered  with  etib,  haib, 

''T^'^Ilecause  fur,  hair,  and  wool  are 
very  slow  conductors  of  heat;  and  (as 
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dumb  animals  cannot  be  clad,  like  human 
beings)  God  has  given  them  a  robe  of 
hair  or  wool,  to  keep  them  warm. 

Q.     Why  a/re  birds  covered  with  dowit  or 

TEATHEES  ? 

A.  Because  down  and  feathers  are 
venj  had  conductors  of  heat;  and  (as 
birds  cannot  be  clad,  hke  human  beings) 
God  has  given  them  a  robe  of  feathers, 
to  keep  them  warm. 

Q.  Show  how  the  goodness  of  God  is  manv- 
,fested,  even  in  the  clothing  of  birds  and  BEASia. 

A.    Small  bu'ds,  which  are  the  most 
delicate,    have   a   thicker    covering  of 
feathers,  than  those  which  are  larger  and 
more  hardy:  and  beasts  which  live  in 
the  cold  regions  of  the  frigid  zones  have 
>  thicker,  coarser,  and  warmer  coats,  than 
those  which  dwell  in  the  tropical  heat. 
Q.    JVhy  are  ftjes,  hate,  and  eeathees, 
i  tuch  SLOW  conductors  of  heat  ? 

A.  Because  a  great  quantity  of  air 
' lurks  entangled  between  their  fibres; 
i  and  air  is  a  venj  had  conductor  of  heat. 

.  »xT^  'fannest  clothing  is  that  whioh  fits  the  body  very  looselu  in 
.  S^So^i^v  "rt"  ''^       ^''trcmilics;  because  more  hot  air  will  be 
•onimeil  by  a  loose  garment,  than  by  one  which  fits  the  body  tightly. 

a  2 
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Q.  If  Ara  1)6  a  bad  conductor  of  Tieat,  why 
should  we  not  feel  as  vmrm  without  clothing,  as 
when  wrapped  in  wool  and  fur? 

A.  Because  the  air  is  never  at  rest; 
and  every  fresh  particle  which  comes  in 
contact  with  our  body,  curries  of  a  fresh 
portion  of  heat. 

Q.  Does  the  aib,  which  surrounds  a  naJced 
hody,  become  {by  contact')  as  waem  as  the  body 
itself? 

A.  It  would  do  SO  if  it  remained 
motionless ;  but,  as  it  remains  only  a 
venj  short  time,  it  absorbs  as  much  heat 
as  it  can  in  the  time,  and  passes  on. 

Q.  Why  do  we  feel  coldeb,  in  windy 
WfiATHEE,  than  in  a  calm  day  ? 

A.  Because  the  pai-ticks  of  air  pass 
over  us  more  rapidly;  and  every  fresh 
particle  takes  from  us  some  portion  of 
beat. 

This  effect  -will  be  greatly  influenced  by  the  temperature  of  the 
•wind. 

Q.  Show  the  wisdom  of  Ood  in  mahing  aib 
a  BAD  conductor, 

A.  If  air  were  a  good  conductor  (like 
iron  and  stone)  heat  would  be  drawn  so 
rapidly  from  our  body,  that  we  should  be 
chilled  to  death.    Similar  evils  would  be 
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felt  also  by  all  the  animal  and  vegetable 
world. 

Q.  Does  HOT  air  give  heat  as  slowly  to  our 
tody,  as  cold  air  takes  it  away  ? 

A.  Yes.  A  man  may  go  into  air  of 
the  temperature  of  300°,  without  having 
the  heat  of  his  body  raised  more  than 
two  or  three  degrees. 

Workmen  enter  ovens,  in  the  manufacture  of  moulds  of  plaster 
of  Paris,  in  which  the  thermometer  stands  lOOo  higher  than  the 
temperature  of  boiling  water,  and  take  no  harm.  The  precaution 
must  be  taken,  to  have  no  metal  in  contact  with  the  person;  a 
gentleman  who  once  entered  a  hot-air  oven  with  spectacles  on,  was 
severely  burnt ;  the  metal  frame  became  rapidly  heated,  being  a 
good  conductor,  and  communicated  the  heat  to  his  nose. 

Q.  Could  as  high  a  temperature  be  borne, 
iohen  the  aib  is  in  motion  ? 

A.  No.  The  effect  of  the  heated  air 
becomes  more  intense  when  it  is  in  motion^ 
because  fresh  portions  are  then  continu- 
ally apphed  to  the  surface  of  our  body. 

Q.  Can  all  bodies  be  touched  without  inconve- 
nience, when  their  temperature  is  as  high  as  300°  ? 

A.  No.  Metals  cause  pain  when 
their  temperature  is  120°:  water  scalds 
when  its  temperature  is  150°. 

Q.  WTiy  does  PANnrsa  one's  face  in  summer 
make  it  cool  ? 

B  3 
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A.  Because  the  fan  puts  the  air  in 
motion,  and  makes  it  pass  more  rapidly 
over  ones  face ;  and  (as  the  temperature 
of  the  air  is  ahvays  lower  than  that  of 
the  human  face)  each  puff  of  an:  carries 
off  some  portion  of  its  heat. 

Q.     Does  TANNING  mahe  the  air  itself  cooler  ? 

A.    No  :  fanning  makes  the  air  hotter 

and  hotter. 

Q.     How  does  fanning  one's  face  increase 

the  HEAT  of  the  air  ?  . 

A.  By  driving  the  au'  more  rapidly 
over  the  human  body;  and  causing  it 
to  absorb  more  heat. 

Q.  If  fanning  mahes  the  air  hotteb,  why 
can  it  make  a  'person  feel  cooiiEB  ?  ^ 

A.  Because  it  takes  heat  out  of  the 
face,  and  gives  it  to  the  air. 

Q.     Wliy  is  hroih  cooleb  hy  blowing  it  ? 

k.  Because  the  breath  causes  a  rapid 
change  of  air  to  pass  over  the  broth ;  and 
(as  the  air  is  colder  than  the  broth)  it 
continually  absoi^s  heat  from  it,  and 
makes  it  cooler  and  cooler. 

Q.  Would  not  the  air  ahsorl  heat  from  broth 
just  as  well  without  blowing? 
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A.    No ;  air  is  a  very  had  conductor  • 
unless,  therefore,  the  change  he  rapid 
that  portion  of  air  nearest  the  surface  of 
he  broth  would  soon  become  as  hot  as 
he  broth  itself. 

Q.  Wotild  not  lot  air  part  xoitJi  its  heat 
nstantly  to  the  circumjacent  air  ? 

A.  No ;  not  instantly.  Air  is  so  bad 
'  conductor,  that  it  parts  with  its  heat 
my  slowly;  unless,  therefore,  it  be  kept 
n  continual  motion,  it  would  cool  the 
rroth  very  sloivly  indeed. 

Q.     Wki/  does  WIND  generally  feel  cool  ? 

A  Because  it  drives  the  air  more 
t^pldly  over  our  body;  and  this  rapid 

■^""heat  ^^'^^      ^  ^""'^^  quantity 

Q,.     Why  does  air  absorb  heat  more  qttiokxt 
being  set  in  motion  ? 

A.  Because  every  fresh  portion  of  air 
>^sorbs  a  fresh  amount  of  heat;  and  the 
ore  rapid  the  current  of  air,  the  greater 
il  be  the  quantity  of  heat  absorbed. 

,  J/i  n  -^      T  ^^""^  ^^^'^  our  body, 

l  uld  the  WIND  feel  cool  ?  ^' 

^A    No;  if  the  air  were  hotter  than 

roody,  It  would  feel  insufferably  warm. 
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O  mv  wmld  the  air  feel  uv^amntl) 
HoxfVa  were  w^ehbb  thm  ""T/""^/  , 

A  Because  it  would  add  to  the  heat 
of  our  body,  instead  of  d.m..«/u,y  it. 

Q     Js  the  OPBK  AIB  e,er  <«  aOT  «:  th> 

*T"otintfccount.7;-*^,» 
summers  day,  the  air  is  at  least  10  or  13 

deCes  cooi/r  thau  the  human  body 
t   NoT  the  eai-th  is  a  ted  conductor  [ 

Q\h,«aeeartha...een<lu.torofheai! 
SXnds'Vn  tbe— ,0/^ 

"^r'  wh, « (»r  f  "'i 

"T^'Re!^  e'  the  eartl/is  a  &ad  con- 
A.    Because  tn  (althoughi 
dnctorofheat  ^d  ^^^^  ^^^^^ 

the  ground  iiozenj  t,^^, 
penetrates  more  than  a  jetv 

coot,  ri--,  ft"" 
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A,    Because  the  earth  is  a  had  con^ 

(ductor  of  heat ;  and,  therefore,  (although 

tthe  surface  he  scorched  with  the  burning 

ssun),  the  intense  heat  cannot  penetrate 

tto  the  roots  of  the  plants  and  trees. 

Q.     Shoio  the  WISDOM  of  God  in  making  tJie 
HiABTH  a  BAD  conductor. 

A.  If  the  heat  and  cold  could  pene- 
ttrate  the  earth  (as  freely  as  the  heat  of  a 
ffire  penetrates  kon)  the  springs  would 
the  dried  up  in  summer,  and  frozen  in 
wvinter ;  and  all  vegetation  would  be  soon 
destroyed. 

Q.  WTiy  is  water  from  a  spehstq-  always 
>0OOL,  even  in  summer  ? 

A.  Because  the  earth  is  so  had  a 
'conductor,  that  the  rays  of  the  sun  can 
^■)enetrate  only  a  few  inches  below  the 
surface;  in  consequence  of  which,  the 
springs  of  water  are  not  affected  by  the 
^leat  of  summer. 

Q.  WTiy  is  it  COOL  tmder  a  shadt  tree^  in 
» liot  summer's  day  ? 

\  A.  1st — Because    the  overhanging 
'Oliage  screens  off  the  rays  of  the  sun :  - 
Sndly — As  the  rays  of  the  sun  are 
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warded  off,  the  air  (beneafh  the  tree)  is  not 
heated  by  the  reflection  of  the  earth  :  and 
Srdly — The  leaves  of  trees  are  good 
radiators  of  heat ;  and,  therefore,  send 
bach  to  the  earth  a  great  deal  of  that 
which  they  receive.  \ 

Dew  forms  upon  leaves  early  m  the  evening,  because  the  ^r  cooIb 
down  quickly  by  rapid  radiation.   (See  p.  210,  &c.) 

Q.     Why  do  Laplanders  wear  skins,  mth 

the  i"UB  INWAEDS  ? 

j^^  I  st— B  ecause  dry  skins  prevent  the 
wind  from  penetrating  to  then-  body ;  and 

2ndly — The  air  (between  the  hau'S  of- 
the  fur)  soon  becomes  heated  by  the  heat 
of  the  body ;  in  consequence  of  which, 
the  Laplander  in  his  fur  is  clad  in  a  case 
of  Ut  air,  impervious  to  cold  and  wmd. 

Q.  Why  does  a  linen  shirt  feel  coldeb 
than  a  cotton  one?  _  71.^^ 

A.  Because  linen  is  a  miwh  better 
conductor  than  cotton;  and,  therefore, 
draws  away  animal  heat  more  rapidly,  and 
produces  a  greater  sensation  of  cold. 

Q.  Does  fine  or  coarse  woollen  cloth  make 
the  WAEMEST  clothing  ?         ,    ,  -, 

A.    The  -jiner  the  eloth,  the  more 
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slowly  it  conducts  heat.  Fine  cloths, 
therefore,  are  warmer  than  coarse  ones. 

Q     Is  siiiK  a  good  conductor  of  heat  ? 

A.  No  ;  it  is  a  bad  conductor  of  heat. 
^Spun  silk  allows  the  heat  of  the  body  to 
;pass  off  more  quickly  than  wool ;  but  raw 
^3ilk  confines  it  more  than  wool.  (p.  172). 

Count  Rumford  found  that  when  a  thermometer  cooled  down 
lilSo"  in  air  in  575  seconds,  it  did  not  cool  do'n  n  to  the  same  extent 
tm  less  than  917  seconds,  when  surrounded  by  spun  silk ;  in  1046 
seconds,  when  surrounded  by  cotton  wool ;  in  1118  seconds,  when 
iBurrounded  by  sheep's  wool ;  in  1284  seconds,  when  surroimded  by 
xaw  silk;  and  in  1305  seconds,  when  surrounded  by  eider  down. 

Q.  Why  is  our  face  cooled  hy  wiping  tlia 
temples  with  a  Jine  cambric  handkerchief 

A.  Because  the  fine  fibres  of  the 
^jambric  have  a  strong  capillary  attraction 
ror  moisture,  and  are  excellent  conductors 
of  heat :  in  consequence  of  which,  the 
moisture  and  heat  are  abstracted  from 
tjur  face  by  the  cambric,  and  a  sensation 
of  coolness  produced. 

''Capillary  attraction,"  i.e.  the  attraction  of  a  thtead  or  hair. 
iThe  wick  of  a  candle  is  wet  with  grease,  because  the  melted  tallow 
•rnna  up  the  cotton  from  capillary  attraction. 

Q.  Why  would  not  a  cottok  handkerchief 
elo  as  well  ? 

A.    Because  the  coarse  fibres  of  cotton 
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have  very  httle  capillary  attraction,  and 
are  very  had  conductors  ;  in  consequence 
of  which,  the  heat  of  our  face  would  be 
imreased  (rather  than  diminished)  hy  the 
use  of  a  cotton  handkerchief.  \ 


CHAPTER  XIV. 


2._ABS0EPTiaN  OF  HEAT." 

/ 

Q.  What  is  tie  difference  hetweenrvalS' 
DUCTING  heat,  and  absoebing  heat  ?/ 

A.  To  conduct  heat,  is  to  transmit  it 
from  one  body  to  another  through  a 
conducting  medium :  To  absorb  heat,  is  to 
suck  it  up,  as  a  sponge  sucks  up  water. 

Q      Give  me  an  example. 

A.  Black  cloth  absorbs,  but  does  not 
conduct  heat :  thus,  if  black  cloth  be  laid 
in  the  sun,  it  will  absorb  the  rays  veij 
rapidly;  but  if  one  end  of  the  black  cloth 
DO  made  hot,  it  would  not  conduct  the 
heat  to  the  other  end. 

Q.     Are  good  conduotobs  of  heat,  good 

ABSOBBEES  olsO  ? 
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A.  No ;  every  g:ood  conductor  of  heat 
is  a  had  ahsorher  of  it:  and  no  good 
absorber  of  heat  ean  be  a  good  conductor 
also. 

Q.     Is  lEON  a  good  absoebee  of  heat  ? 
A.    No ;  iron  is  a  good  conductor,  but 
1  very  had  ahsorher  of  heat. 

The  power  of  absorbing  heat  depends  on  the  nature  of  the  surface 
)f  a  body ;  thus,  bright  or  polished  surfaces  will  not  absorb  heat  so 
eaciily  as  rough  and  black  ones. 

Q.  Why  do  the  riEE-iEONS  (which  lie  upon 
;  fendee)  remain  cold,  although  they  are  lefore 
!  good  fire  ? 

A.    Because  they  are  had  ahsorbers 

)f  heat :  in  consequence  of  which,  they 

craain  cold,  unless  they  come  in  contact 

vith  the  stove  or  fire. 

Q.    TFhy  are  the  fiee-ieons  intensely  hot, 
fhen  they  rest  against  a  stove  which  contains 
good  fire  ? 

A.  Because  they  are  excellent  con- 
\luctors  of  heat,  and  draw  it  rapidly  from 
l.he  stove  with  which  they  are  in  contact. 

Q.  Why  does  a  kettle  toil  faster,  when 
he  bottom  and  hack  are  covered  loith  soot  ? 

A.  Because  the  black  soot  absorhs 
leat  very  quickly  from  the  fire,  and  the 
netal  conducts  it  to  the  water.  s 
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Q.  Why  will  not  a  ne-w  kettle  loil  so 
fast  as  an  old  one  ? 

A.  Because  the  lottom  and  Mes  of  a 
new  kettle  are  dean  and  :  but  in 

an  old  kettle  they  ai'e  covered^  with  soot. 

Q.  Why  would  a  kettle  boil  more  slowly, 
if  the  bottom  and  hack  were  clean  and-hright? 

A.  Because  bright  metal  does")wi  ab- 
sorb heat,  but  reflects  it :  and  (as  the  jieat 
is  thrown  off  from  the  surfac,ajiUjr%/ii 
metal  by  reflection),  thej^fore,  a  new 
kettle  takes  a  longer  time  to  boil. 

Keflects  heat,  i.e.  throws  it  off. 

Q.  Why  do  we  wear  a  black  outer  deess, 
if  we  wan  t  to  he  warm  ? 

A.  Because  a  hlach  outer  dress  quickly 
absorbs  heat  from  the  sun's  rays. 

Q.  Why  do  persons  weak  white  dresses  in 
BTJMMEB  time  ? 

A.  Because  white  throws  off  the  heat 
of  the  sun  by  reflection,  and  is  a  very  bad 
absorbent  of  heat;  in  consequence  of 
which)  white  dresses  never  become  so  hot 
from  the  scorching  sun,  as  dark  colours  do. 

Q.  Why  do  not  persons  wear  white  dresse* 
in  wiNTEB  time  i 
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A.  Because  white  will  not  ahsorh  heat 
1  like  black  and  other  dai'k  colours ;  and, 
:  therefore,  white  dresses  are  not  so  warm  as 
t  dark  ones. 

Q.    What  COLOTTES  are  WAEMEST/or  dresses? 

A.  For  outside  garments  hlach  is  the 
■warmest,  and  then  such  colours  as  ap. 
proach  nearest  to  black  (as  dai'k  blue  and 
;  green).  White  is  the  coldest  colour  for 
I  external  clothing. 

Q.  WTiy  are  daek  colours  (for  externdt 
I  wear)  so  much  waemee  than  light  ones  ? 

A.  Because  dar\i  colours  ahsorh  heat 
'.  from  the  sun  more  abundantly  than  light 
<  ones. 

Q.  Sow  can  you  prove  that  daek  colours 
I  are  waemee  than  light  ones  ? 

A.    If  a  piece  of  hlacli  and  a  piece  of 
i  white  cloth  were  laid  upon  snow,  in  a  few 
'  hours  the  hlack  cloth  will  have  melted  the 
snow  heneath ;  whereas,  the  ivhite  cloth 
will  have  produced  Httle  or  no  effect  upon 
1  it  at  all. 

N.B.  The  darker  any  colour  is,  the  warmer  it  is,  because  it  is  • 
i  better  absorbent  of  heat.  The  order  may  be  thus  arranged : — 1. 
:  Black  (warmest  of  all).— 2.  Violet.— 3.  Indigo.— 1.  Blue.— 6. 
I  Green.— 6,  Ked.— 7.  Yellow         A.  "VVbite  (coldest  of  all). 
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Q.    Why  are  black  kid  gloves  unpleasantly 
HOT  for  summer  wear  ? 

1st — ^Because  Hack  absorbs  the 

solar  heat:  and 

2ndi\y— Kid  will  not  allow  the  heat  of 
our  hand  to  escape  througfi~ihe  glove. 

Q,  TFJii/  are  Lisle  theead  gloveso^^ 
ahly  COOL  for  summer  wear  ? 

^  1st— Because  thread  absorbs  per- 
spiration :  and 

Sndly — It  conducts  away  the  heat  ot 

our  hot  hands. 

q.     Are  Lisle  thread  gloves  absobbekts  of 

heat ?  ,  _ 

A.  No;  Lisle  thread  gloves  are  gene- 
rally of  a  grey  or  lilac  colour:  and, 
therefore,  do  not  absorb  solar  heat. 

Q.  Wliy  is  a  PLATE-WABMEE  made  of  IIN- 
PAINTED  hriffht  tin  ?  n        i    i  x 

A.  Because  bright  tm  reflects  the  heat 
(which  issues  from  the  fire  in  rays)  upon 
the  meat ;  and,  therefore,  greatly  assists 
the  process  of  roasting. 

Reflects  the  heat,  i.e.  throws  it  back  upon  the  meat. 

Q.  Why  would  not  the  tin  beelectob  do 
as  well,  if  it  were  si^TS'^^^l  ^  . 

A.    Because  it  would  then  absorb  heat, 
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and  not  reflect  it  so  ivell.  A  plate-warmer 
should  never  be  painted,  but  be  kept  very 
clean,  bright,  and  free  from  all  scratches. 

Q.  Will/  should  a  eeeleotoe  le  Jeept  so 
very  cleajs",  and  free  from  all  sobatches  ? 

A.  Because,  if  a  reflector  were  spotted, 
dull,  or  scratched,  it  would  absorb  heat, 
instead  of  reflecting  it ;  and,  consequently, 
would  be  of  no  use  whatsoever  as  a 
reflector. 

Q.  Why  does  hoab-peost  remain  on  tomb- 
stones, long  after  it  has  melted  from  the  grass 
and  gravel-walks  of  a  church-yard  ? 

^  A.  Because  tomb-stones  (being  white) 
will  not  absorb  heat,  hke  the  darker  grass 
and  gravel;  in  consequence  of  which, 
they  remain  too  cold  to  thaw  the  frost 
congealed  upon  their  surface. 

Q-  IfilacJc  absorbs  heat,  why  have  those  who 
live  in  hot  climates  black  skins,  and  not  white 
skins,  which  would  not  absorb  heat  at  all  ? 

A.  Because  blacli  will  not  blister  from 
the  heat  of  the  sun.  Although,  therefore, 
the  black  skin  of  a  negro  absorbs  heat 
more  plentifully  thai:  the  white  shin  of  a 
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European ;  yet  the  Uackness  prevents  the 
suii  from  blistering  or  scorching  it. 

Q.  Sow  is  it  known,  that  black  colou/r 
prevents  tie  sun  from  either  blisteeing  or 
BCOECHiNG  the  skin  ? 

A.  If  you  place  a  whiteTbthrgloveroYhr 
one  hand,  and  a  hlach  cloth  one  on  the 
other,  (when  the  sun  is  burnmg  hot,) 
the  hand  with  the  ivhite  cloth  covering 
will  be  scorched,  but  not  the  other. 

Q.     "Which  hand  will  feel  the  hotter? 

A.  The  hand  covered  with  hlacl  cloth 
will  feel  the  hotter,  but  will  not  be  scorched 
by  the  sun :  whereas,  the  hand  covered 
with  ivhite  cloth  (though  much  cooler)  will 
be  severely  scorched. 

Q.  Why  does  the  black  sMn  of  a  negeo 
never  bcoech  or  blister  toith  the  hot  sun  ? 

A.  Because  the  Hack  colour  absorbs 
the  heat,  and  conveys  it  below  the  surface 

of  the  slvin. 

Q,  Why  does  the  white  :European  sMn  blis- 
ter and  scorch,  when  exposed  to  the  hot  sun? 

A.  Because  white  will  not  absorb  heat; 
and,"  therefore,  the  hot  sun  rests  on  tU 
surface  of  the  skin,  and  scorches  it. 
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Q.     Wliy  has  a  negro  black  etes  ? 

A.  Because  the  black  colour  defends 
them  from  the  strong  light  of  the  tropi- 
cal sun.  If  a  negro's  eyes  were  not 
black,  the  sun  would  so  dazzle  them, 
that  the  negro  might  become  bUnd. 

Q.  Why  is  WATER  {in  hot  weather)  kept 
cooLEB  in  a  beight  tln  pot  than  in  an  earthen 
one  ? 

A.    Because  bright  metal  will  not 
ihsorb  heat  from  the  hot  air,  like  an 
arthen  vessel;  in  consequence  of  which, 
iie  water  is  kept  cooler. 

Foiling  water  is  also  kept  hot  in  bright  metal,  better  than  in 
arthen  ressels.   (See  p.  209.) 


CHAPTER  XV. 


3.— REFLECTION  OF  HEAT. 

■  Q.     What  is  meant  ly  eeelectikq  heat  ? 

A.  To  reflect  heat,  is  to  throiv  it  bach 
m  rays  from  the  surface  of  the  reflecting 
iiody,  towards  the  place  whence  it  came. 

Q.     What  are  the  best  re/lectors  of  heat  t 
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A.    All  bright  surfaces,   and  light 
colours. 

Q.  Are  good  a.bsob,bees  of  heat  good  ee- 
rLECTOBS  also  ?  1  •  1       T.  t 

A.  No:  those  things  winch  absorb 
heat  lest,  reflect  heat  worst;  and  those 
which  reflect  heat  worst,  dbsorh  it  hest. 

Q.  Why  are  those  things  which  absoeb 
heat,  unable  to  beflect  it?^ 

A.  Because  the  same  heatr  cannot  be 
both  ahsorhed  and  reflected  :  if  absorbed 
or  taken  into  a  substance,  it  cannot  also 
be  throion  of  from  its  surface  :  and  if 
thrown  off  from  the  surface,  it  cannot 
also  be  taken  into  the  substance. 

Q      Why  are  eeeleotges  always  made  of 

LIGHT-COLOUKED  and  %7%-POXISHED  METAL  ? 

A.  Because  %/ii-coloured  and  highly- 
polished  metal  makes  the  best  of  all^ 

reflectors.  ^ 

Q.  Why  do  not  plate-warmers  llister  and 
scorch  the  wood  behind?  .      <•  + 

A  Because  the  bright  tin  front 
throws  the  heat  of  the  foe  hack  again, 
and  will  not  allow  it  to  penetrate  to  the 
wood  behind. 
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Q.  If  metal  he  such  an  excellent  CONDUCTOit 
of  heat,  how  can  it  eeflect  heat,  or  throio  it  off} 

A.  Polished  metal  is  a  conductor  of 
heat,  only  when  that  heat  is  communicated 
jy  actual  contact:  But,  whenever  heat 
ulls  upon  bright  metal  in  rays,  it  is 
■c fleeted  hack  again,  and  the  metal 
emains  cool. 

Q.  What  is  meant  ly  "  heat  falling  v/pon 
'lelal  in  eats,"  and  not  "hy  contact 

A.  •  A  piece  of  metal  thrust  into  a  fire 
.  uuld  be  in  actual  contact  icitli  that  fire  ; 
lilt  if  held  before  a  fire,  the  heat  of  the 
ie  would  fall  upon  it  in  raijs. 

Q.  What  is  the  use  of  the  Tiir  sceeeit  or 
flector,  used  in  EOASTiira  ? 

A.  It  throws  the  heat  of  the  fire  back 
mn   the  meat:   and,  therefore,  both 

-ists  the  process  of  roasting,  and  helps 
-»  keep  the  kitchen  cool. 

Q.     How  does  a  tin  reflector  tend  to  Jceep 

'■e  KITCHEN  COOL  ? 

A.  By  confining  the  heat  of  the  fire 
J  the  hearth,  and  preventing  its  disper- 
wn  throughout  the  kitchen. 

Q.    Why  a/re  shoes  HOTiEE/or  leing  dusty? 
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A.  Because  dull  dusty  shoes  wiL 
absorb  heat  from  the  sun,  earth,  and  air; 
but  shoes  brightly  polished,  throw  of 
the  heat  of  the  sun  by  reflection. 

Q-  Whi/  does  it  always  teeeze  on  the  TO* 
of  a  HIGH  mountain  ? 

Ist — Because  air  is  heated  by 
contact  with  the  earth's  surface,  and  not 
by  solar  rays  which  pass  through  it :  As 
a  mountain-top  afl'ords  very  small  surface 
for  such  contact,  it  remains  mtensely 

cold;  and  . 

Sndly— When  air  flows  up  the  side  ot 
a  mountain,  it  expands  from  diminished 
pressure  ;  and  consequently  absorbs  heat 
from  surrounding  objects. 

Rarefied  air  can  hold  more  latent  heat  than  dense  air  oa». 


CHAPTER  XVI. 
4.__RADIATI0N. 

Q      WTiat  is  meant  hi/ nAJ)iATio-N?  _ 

A  Radiation  means  the  emissiori  oj 
rays :  Thus,  the  sun  radiates  both  hght 


FACE  SCOECHED.  203 

land  heat ;  that  is,  it  emits  rays  of  light 

land  heat  in  all  dii-ections. 

Q.  When  is  heat  eadiated  from  one  hodu 
tto  another  ?  "3 

When  the  two  bodies  are  separated 
fcy  a  non-conducting  medium :  thus,  the 
Bun  radiates  heat  towards  the  earth, 
)because  the  air  (which  is  a  ' very  bad 
«onductor)  comes  between. 

Q.     On  ^-B.K's  does  radiation  depend? 

A.  On  the  roughness  of  the  radiating 
murface  :  thus,  if  metal  be  scratched,  its 
radiatmg  power  is -increased;  because 
the  heat  has  more  points  to  escape  from. 

Q.     Does  ajire  radiate  heat  ? 

A.  Yes;  and  because  burning  fuel 
mits  rays  of  heat,  therefore,  we  feel  warm 
Then  we  stand  before  a  fire. 

Q.     Why  does  our  pace  feel  uncomfortallv 
COT,  v}hen  we  approach  a  fire  ? 

A.  ^  Because  the  fire  radiates  heat 
ipon  It;  and  (not  being  covered)  it  feels 
»tie  efiect  immediately. 

Q.     Why  does  the  fire  catch  our  pace  more 
»an  It  does  the  eest  of  our  body  ? 

A.    Because  the  rest  of  our  body  b 
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covered  with  clothing;  which  (being  a 
had  conductor)  prevents  the  same  sudden 
and  rapid  transmission  of  heat  to  our 

skin.  , .  _  ,  , 

Q.     Bo  those  sulstmc^s^wJnchr^MDi^rEi  heat, 

ABSOEB  heat  also  ?  i  •  -u 

A.  Yes.  Those  substances  winch 
radiate  most,  also  absorb  mosf  heat :  &nd. 
those  which  radiate  least,  alsb  absorb  the 

least  heat. 

Q.     JDoes  any  thing  else  radiate  heat,  lesides 
ijie  stJN  and  fiee?  . 

A.  Yes ;  all  things  radiate  heat  in 
some  measure,  but  not  equally  well. 

Q.  What  things  eadiate  heat  the  KEIT 
BEST  to  the  sun  and  fire  ? 

A  All  dull  and  darl  substances  are 
qood  radiators  of  heat :  but  all  light  and 
'polished  substances  are  lad  radiators. 

0  Why  should  the  elites  {connected  with 
Jrnotfs  stoves,  ^c.)  be  always  UacTtened  with 

BLACK  LEAD?  .      r  j.T- 

A  In  order  that  the  heat  of  the  tiue 
may  be  more  readily  diffused  throughout 
the  room.  Black  lead  radiates  heat  more- 
freely,  than  any  other  known  substance.. 
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A  better  name  for  black  lead  is  "  graphite,"  because  it  contains  no 
metallic  lead,  but  is  a  mixture  of  carbon  and  iron.  It  is  used  chiefly 
in  black-lead  pencils ;  and  hence  its  name,  from  the  Greek  word 

vpaipeiv  to  write.  The  black  lead  used  for  domestic  purposes  con- 
tains only  a  small  portion  of  true  "  graphite." 

Q.  Tflit/  does  a  polished  metal  tea-pot 
make  better  tea  than  a  Hack  earthen  one  ? 

A.    Because  polished  metal,  (being  a 

very  bacZ  radiator  of  heat)  TieeiJs  the  ivater 

hot  much  longer  ;  and  the  hotter  the  water 

is,  the  better  it  "  draws"  the  tea. 

Q.  WTiy  does  not  a  dull  Mack  tea-pot 
make  good  tea? 

A.  Because  the  heat  of  the  water 
flies  off  so  quicMij  through  the  dull  black 
surface  of  the  tea-pot,  that  the  water  is 
very  rapidly  cooled,  and  cannot  "  di'aw" 
the  tea. 

Q.  W7i7/  do  pensioners,  and  aged  cottagers, 
generally  prefer  the  little  black  eabthen  tea-pot 
to  the  bright  metal  one  ? 

A.  Because  they  set  it  on  the  hoh 
"to  draw;"  in  which  case,  the  Httle 
hlach  tea-pot  will  make  the  best  tea. 

Q.  Why  will  a  black  tea-pot  make  better 
tea  than  a  bright  metal  one,  if  set  upon  the  hob 

to  DEAW  ? 

A.    Because  the  black  tea-pot  will 
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absorb  heat  'plentifully  from  the  fire,  and 

keep  the  water  hot:  whereas,  a  bright 

metal  tea-pot  (set  upon  the  hob)  would 

throw  off  heat  hj  reflection. 

Q.  TJien  sometimes  a  black, 'eaethen  tea- 
pot is  the  host,  and  sometimes  a  h/iglit  metal  one  ? 

A.  Yes  ;  when  a  tea-p^ot  is  set  on  the 
hoh  "  to  draw"  black  earth  is  the  hest, 
because  it  ahsorhs  heat :  But,  when  a 
tea-pot  is  not  set  on  the  hob,  bright 
metal  is  the  best;  because  it  radiates 
heat  very  slowly,  and  therefore  heeps  the 
water  hot. 

Q.  TfTiy  does  a  saitcepak,  wliicli  has  leen 
USED,  hoil  in  a  shorter  time  than  a  new  one  ? 

A.  Because  the  bottom  and  back  are 
covered  with  soot :  and  Uach  soot  rapidly 
ahsorhs  heat  from  glowing  coals. 

Q.  Wlii/  should  the  ekont  and  UJ>  of  a 
SAUCEPAN  le  clean  and  bright? 

A.  Because  they  cannot  a&sor& heat,  as 
they  do  not  come  in  contact  with  the  fire ; 
and  (being  bright)  they  will  not  suffer  the 
heat  inside  them  to  escape  by  radiation. 

Q.  In  what  state  should  a  saucepan  be,  in 
order  that  it  may  boil  most  quickly  ? 
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A.  All  those  parts,  which  come  in 
contact  with  the  fire,  should  be  covered 
vdth  soot,  in  order  to  absorb  heat ;  but  all 
the  rest  should  be  as  bright  as  possible  to 
prevent  the  escape  of  heat  by  radiation. 

Q.     TFJii/  is  it  said  that  "  Satxjbdat's  eet- 

TLE  hoils  tlie  FASTEST?" 

A.    Because  on  Saturday,  the  front 

and  top  of  the  kettle  are  generally  cleaned 

and  polished;  but  the  bottom  and  bach 

of  the  kettle  are  never  cleaned. 

Q.  JVJiy  sJiould  NOT  the  bottom  and  back 
of  a  kettle  be  clean  and  polished? 

A.  Because  theij  come  in  contact  with 
the  fire,  and  (while  they  are  covered  with 
black  soot)  absorb  heat  freely  from  the 
bm'ning  coals. 

Q.  Wh7/  should,  the  i'eont  and  top  of  a 
Tcettle  le  clean  and  well  polished  ? 

A.  Because  polished  metal  will  not 
radiate  heat;  and,  therefore,  (while  the 
front  and  top  of  a  kettle  are  well  polish- 
ed) the  heat  is  kept  in,  and  not  suflfered 
to  escape  by  radiation. 

Q.  WJiy  does  the  bottom  of  a  kettle  fegl 
nearly  cold  when  the  water  is  loiling  hot  ? 

X  2 
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A.  Because  black  soot  is  a  very  lad 
conductor  of  heat;  and,  therefore,  the 
heat  of  the  boihng  water  is  some  time 
before  it  gets  through  the  soot,  which  ad- 
heres to  the  bottom  of  the  kettle. 

Q.  Will/  is  tJije  LIB  of  a  kettle  intensely 
HOT,  wJien  the  watet-  loils  ? 

A.  Because '  the  bright  metal  lid  is 
an  admirable  conductor ;  and,  therefore, 
}j^at  from  the  hoiling  water  jjours  into  our 
hand  the  moment  we  touch  it. 

Q.     Show  the  henefit  of  smojle  in  cooking. 

A.  The  carbon  of  the  fuel  (which 
flies  off  in  smoke)  naturally  hlacTzens  all 
culinary  vessels  set  upon  a  fire  to  boil, 
and  thus  renders  them  fit  for  use. 

"Culinary  vessels"  are  vessels  used  in  kitchens  for  cooking,  as 
saucepans,  boilers,  kettles,  &c.,  from  the  Latin  word  "Culi'na," 
(a  kitchen). 

Q.  Sow  does  smoke  make  culinary  vesseh 
PIT  for  USE  ? 

A.  By  covering  them  with  soot.  If 
it  were  not  for  the  soot  (which  gathers 
round  a  kettle  or  saucepan)  heat  would 
not  he  absorbed,  and  the  process  of 
boiling  would  be  gi^eatly  retarded. 
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Q.  WTit/  is  hoiling  water  hept  hot  in  a  'bright 
iTETAii  pot,  better  than  in  an  earthen  vessel  ? 

A.  Because  bright  metal  (being  a 
had  radiator)  will  not  throw  of  from  its 
surface  the  heat  of  the  boiling  water. 

Q.  WTig  loould  not  a  metal  pot  serve  to  Tceep 
icater  hot  if  it  were  dxtlI/  and  dirty  ? 

A.  Because  it  is  the  bright  polish  of 
die  metal,  which  makes  it  a  bad  radiator ; 
and  if  it  were  dull,  scratched,  or  dirty, 
lieat  would  escape  very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  in  hright  metal  than  in 
iuil  or  earthen  vessels.    {See p.  199.) 

Q.     Why  are  dinner-covers  made  of  bbi&ht 

riN  or  SILYEB? 

A.    BecauseHght-coloured  and  highly- 

pohshed  metal  is  a  venj  had  radiator  oj 

heat ;  and,  therefore,  bright  tin  or  silver 

^  ill  not  allow  the  heat  of  the  cooked  food 

to  escape  through  the  cover  hij  radiation. 

Q.  Why  should  a  meat-coyeb  he  very 
'irightly  polished? 

A.    To  prevent  the  heat  of  the  food 
om  escaping  by  radiation.    If  a  meat- 
:over  be  dull  or  scratched,  it  will  allow 
'he  heat  of  the  food  beneath  to  fly  off 
nto  the  room.  x  « 
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Q.     WJiy  sJiould  a  silver  meat-cover  he  plain, 
and  not  enchased? 

A  Because  a  chased  meat-cover 
would  not  prevent  the  radiation  of  heat 
so  perfectly  as  a  plain  one, 

Q.     Whaiis  DEW? 

A  Dew  is  the  vapour  of  the  air  con- 
densed, hy  coming  in  contact  with  hodies 

colder  than  itself.  . 

Q.     TTAy  is  the  GBOTJND  sometimes  coveeed 

with  DEW  ?  .    .  ,r 

A  Because  the  surface  of  the  eaitii 
(at  sunset)  is  made  so  cold  by  radiation, 
that  the  warm  vapour  of  the  air  is  chiUed, 
by  contact,  and  condensed  into  dew 

Q.  Why  is  the  earth  ooddeb  than  the  aie, 
after  the  sun  has  set  r 

A  Because  the  earth  radiates  heat 
very  freely,  but  the  air  does  not;  m 
consequence  of  which,  the  earth  is  often 
5  or  10  degrees  colder  than  the  air  (after 
sunset) ;  although  it  was  much  warmer 
than  the  air,  during  the  whole  day. 

Q      Why  is  the  earth  waemee  than  the  aib, 

'TXlusethe  earth  ato*  solar 
heat  very  freely,  but  the  air  does  uot;  m 
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consequence  of  wMcli,  it  is  often  many 
degrees  warmer  than  the  air,  during  the 
day. 

Q.  Why  is  the  surface  of  the  ground  colder 
in  a  FINE  clear  night,  than  in  a  cloudy  one  ? 

_  A.  Because  on  a  fine  clear  star-light 
night,  heat  radiates  from  the  earth  freely, 
and  IS  lost  in  open  space  :  but  on  a  dull 
night,  the  clouds  arrest  the  process  of 
radiation. 

Q.     Why  is  DEW  deposited  only  on  a  fine  clear 

NIGHT  ? 

A.  Because  the  surface  of  the  ground 
radiates  heat  most  freely  on  a  fine  night ; 
and  (being  cooled  down  by  this  loss  of 
heat)  condenses  the  vapour  of  the  air  into 
dew. 

Q.  Why  is  there  no  dew  on  a  didl  cloudy 
night  / 

A.  Because  clouds  arrest  the  radiation 
of  heat  from  the  earth ;  and  (as  the  heat 
cannot  freely  escape)  the  earth's  surface 
IS  not  sufficiently  cooled  down,  to  con- 
dense the  vapour  of  the  air  into  deiv. 

Q-  Why  is  a  cloudy  night  wakmer  than  a 
fine  one  / 
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A.  Because  clouds  prevent  the  radia- 
tion of  heat  from  the  earth ;  in  conse- 
quence of  which,  the  surface  of  the  earth 

remains  warmer. 

Q.    Wliy  is  DEW  most  abundant  in  situations 

»n05^  EXPOSED  ? 

A.  Because  the  radiation  of  heat  is 
not  arresteid  by  houses,  trees,  hedges,  or 
any  other  things. 

Q.  Will/  is  there  scarcely  any  DEW  under  a 
TEEB  when  in  full  foliage  ? 

^  1st — Because  the  thick  fohage 
arrests  the  radiation  of  heat  from  the 
earth :  and 

gndly — It  radiates  some  of  its  own 
heat  towards  the  earth;  in  consequence 
of  which,  the  ground  underneath  a  leafy 
tree  is  not  sufficiently  cooled  down,  to 
chill  the  vapour  of  the  air  into  dew. 

Q.  Why  is  there  never  much  dew  at  the 
foot  of  WALLS  and  hedges  ? 

1st— Because  they  act  as  screens, 
to  arrest  the  radiation  of  heat  from  the 

earth '  and 

gndly — They  themselves  radiate  some 

portion  of  heat  towards  the  earth:  in 
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consequence  of  which,  the  ground  at  the 
toot  of  walls  and  hedges  is  not  sufficiently 
cooled  down  to  condense  the  vapoui' of 
the  an-  into  dew. 

Q.  is  there  Utile  or      Ti-Ew  leneat7>  n 

in^yzz:^;'"'-''' "^^^s  ret: 

A.    1st— Because  the  awning  arrests 

telt'Z  ^"'^ 

Sndlj— It  radiates  some  of  its  own 
eat  dotvmvards;  in  consequence  of 
V  hich  the  gi-ound  beneath  an  awning  is 
'ot  sufficiently  cooled  down,  to  chill  the 
apour  of  air  into  dew. 

Q.    Sow  can  a  thin  covering      -d  a  cc 
iiSLiK,  protect  trees  fro  JllZf?  ^^^^ 

A.    Because  any   covering  prevents 
radiation  of  heat  from  the^ree7  and 
trees  are  not  cooled  down  by  radikon, 
it  of  the  air  will  J  6,  frozen 

^  It  comes  m  contact. with  them 

Basa,  ,r^„,,  ^^^^^^^^  ^^^^  ^'^^^^^^^^ 

•trs  a  iJ\  ''i'^^  ^^^^     0^™ss  itself  (^Uch 
T   ^''^  drenched  loith  dew?  ^ 

i^ecause  it  radiates  heat  both  up^ 
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wards  and  downwards;  in  consequence 
of  which,  it  is  so  cooled  down,  that  it 
readily  condenses  the  vapour  of  the  air 
into  dew./ 

Q.  Why  does  SNOW  (at  the  foot  of  a  hedge 
or  wall)  vielt  sooner  than  that  in  an  open  field  f 

A.  Because  hedges  or  walls  radiate 
heat  into  the  snow,  which  melts  it. 

Why  is  there  TSO  dew  after  a  windy 

A  Because  wind  evaporates  the  mois- 
ture, as  fast  as  it  is  deposited. 

Q.  WJiy  are  valleys  and  hollows  often 
tUcUy  covered  with  dew,   although  they  are 

A.  Because  surrounding  hills  prevent 
the  reposb  of  air  from  being  disturbed; 
but  do  not  overhang  and  screen  the  valleys 
sufficiently  to  arrest  radiation. 

Q,  Why  does  dew  fall  more  abundantly  on 
SOME  thinys,  than  on  others  ? 

A.  Because  some  things  radiate  .heat 
more  freely  than  others ;  and,  therefore, 
become  much  cooler  in  the  night. 

Q.     WJiy  are  things  which  radiate  heat  mod 
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FEEELT,  always  the  most  THICEXT  OOTEEBB  with 

A.  Because  the  vapour  of  the  air  is 
condensed  into  dew,  the  moment  it  comes 
m  contact  witli  them. 

A  •  Grass,  wood,  and  the  leaves  of 
lants,  rachate  heat  venj  freely;  but 
'lished   metal,   smooth'  stones  and 
vooUen  cloth,  pait  with  their  heat  vem 
ardihj.  ^ 

Q.i.r-tzZ7  '^f^^P^^-i^  radiate  leat 

I  ^*  f\  1?°,"^^  ""^^^  ^^^^^s  (like 
liose  of  a  holly-hock)  radiate  heat  much 
^ ore  freely,  than  the  hard  smooth  polished 
•aves  ot  a  common  laurel. 

ass  the  leaves  of  trees,  and  am,  vegetables 
•cellent  radiators  of  heat.  ^-^-iables, 

A.  As  vegetables  require  much  mois- 
re  mid  would  often  perish  without  a 
.ntiful  deposit  of  dew,  God  wisely  made 
em  to  radiate  heat  freely,  so  as  to  con- 
nse  the  vapour  (which  touches  them) 
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Q.  Will  polished  metal,  smooth  stores,  and 
woollen  CLOTU,  readily  collect  dew? 

A.  No.  While  grass  and  the  leaves  of 
plants  are  completely  drenclied  with  dew,  a 
piece  of  polished  metal,  or  of  looollen  cloth 
(l}ing  on  the  same  spot),  will  be  almost  dry. 

Q.  Why  would  polished  metal  and  woollen 
CLOxn  le  DEY,  while  grass  and  leaves  are  drenched 
with  BEW  ?  n  1       J  1 

A.  Because  polished  metal  and  wool- 
len cloth  part  with  their  heat  so  slowly, 
that  the  vapour  of  the  air  is  not  condensed 
into  dew,  Avhen  it  passes  over  them. 

Q  Wiy  is  a  gravel  walk  almost  dry,  when 
a  grass  plat  is  thickly  covered  with  dew? 

A.  Because  grass  is  a  good  radiator, 
and  "throws  off  its  heat  very  freely ;  but 
gravel  is  a  had  radiator,  and  pai-ts  with 
its  heat  slowly. 

Q.  Is  that  the  reason  lohy  GRASS  is  saturatea 
with  DEW,  and  the  gravel  is  not  ? 

A  Yes.  When  the  vapour  ot  warm 
air  comes  in  contact  mth  the  cold  grass, 
it  is  instantly  deposited  as  dew;  but  it 
is  not  so  freely  condensed,  as  it  passes 
over  the  warmer  gravel. 
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Q.  WTiy  is  DEW  rarely  distilled  upon  hard 
rocks  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands 
are  so  compact  and  hmd,  that  they  can 
neither  absorb  nor  radiate  much  heat: 
and  (as  their  temperature  varies  very 
little)  very  httle  dew  distils  upon  them. 

Q-  WTiy  does  dew  fall  more  abundantly  on 
cultivated  soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being 
loose  and  porous,)  very  freely  radiate  by 
night,  the  heat  which  they  absorbed  by 
day ;  in  consequence  of  which,  they  are 
luch  cooled  down,  and  plentifully  condense 
the  vapour  of  the  passing  air  into  dew. 

Q.  Shew  the  WISDOM  of  Qod  in  this  arrange- 
ment, 

A.    Every  plant  and  each  portion  of 

land,  which  needs  the  moisture  of  dew, 

is  adapted  to  collect  it;  but  not  a  single 

drop  is  wasted,   where   its  refreshing 

iiioistui'e  is  not  required. 

Q.     Shew  the  wisdom  of  GrOD  in  mahing 
iUshed  metal  and  woollen  cloth  bad  badiatotis 
''jj'  heat. 

A.    If  polished  metal  collected  dew  as 
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easily  as  gi'ass,  it  could  never  be  kept  dry 
and  free  from  rust.  Again,  if  woollen 
garments  collected  dew  as  readily  as  the 
leaves  of  trees,  we  should  be  often  wet, 
and  subject  to  the  risk  of  "  taking  cold." 

Qi  Shew  low  tliis  affords  a  beautiful  illus- 
tration of  Gideon's  miracle,  recorded  m  tU 
look  of  Judges,  vi.  37,  38.  ,  •  ,  • 

A.  Ilie  fleece  of  wool  (which  is  a 
very  had  radiator  of  heat)  was  wet  with 
dew :  when  the  grass  (which  is  a  most 
excellent  radiator)  was  quite  dnj. 

Q.     Was  not  this  conteaut  to  the  laws  of 

nature?  in  i 

A.    Yes  :  and  was,  therefore,  a  plam 

demonstration  of  the  power  of  God,  who 
could  thus  change  the  very  nature  ot 
things  at  his  will. 

Q  Why  do  our  clothes  feel  damp,  after 
walking  in  a  fine  evening  in  spring  or  autumn  i* 

A  Because  vapour  (condensed  oy 
the  cooling  of  the  aii')  is  deposited  upon 

them,  Hke  dew. 

0  Wliy  are  windows  oftencovered  witUUcle 
MIST,'  and  the  frames  xoet  xoith  standing  watee  f 

A.    Because  the  temperature  ot  tne 
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external  air  always  falls  at  sun-set,  and 
chills  the  window-glass,  with  which  it 
comes  in  contact. 

Q.  Soto  does  this  account  fir  tJie  mist  and 
"SVATEE  on  a  window  ? 

A.  As  the  warm  vapour  of  the  room 
touches  the  cold  glass,  it  is  chilled  and 
condensed  into  mist ;  and  the  mist  (col- 
lecting into  drops)  rolls  down  the  window- 
frame  in  little  streams  of  water. 

Q.  Wliy-  does  tlie  gIiASS  of  a  window  cool 
down  more  rapidly ,  than  the  air  of  the  roomitself? 

A.  Because  the  air  of  the  room  is 
Jceptwarm  loj  fires,  and  animal  heat;  in 
consequence  of  which,  it  suffers  very 
little  diminution  of  heat  from  the  setting 
of  the  sun. 

Q.     WJience  arises  tJie  vapotje  of  a  room  t 

A.  1st — The  aiir  of  the  room  itself 
natm-ally  contains  vapour : 

Sndly — The  breath  and  insensible  per- 
spiration of  the  inmates  increase  this 
vapour :  and 

3rdly — Hot  dinners,  the  steam  of  tea^ 
and  so  on,  incxease  it  still  more. 
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Q.  Wlat  is  meant  ly  "  insensible  persnu 
ration  f  " 

A.  From  every  part  of  the  human 
body,  an  insensible  and  invisible  perspira- 
tion issues  all  night  and  day ;  not  only 
in  the  hot  weather  of  summer,  but  also 
in  the  coldest  day  of  winter. 

Q  If  the  perspiration  le  lotTi  insensible 
and  iNTisiBLE,  how  is  it  known  that  there  is  any 
such  perspiration  ? 

A.  If  you  put  your  naked  arm  mto 
a  clean  diy  glass  tube,  the  perspiration 
will  condense  on  the  glass,  like  mist. 

Q  Wliy  are  carriage  windows  very  soon 
covered  with  thick  mist  ? 

A.  Because  the  warm  vapour  of  the 
carriage  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 

Q.  Why  is  the  glass  window  cold  enough 
to  condense  the  vapour  of  the  carriage  ? 

A.  Because  the  inside  of  the  carnage 
is  much  imrmer  than  the  outside ;  and 
the  glass  window  is  made  cold  by  contact 
mth  the  external  air. 

Q.  JVhere  does  the  waem  vapour  of  the 
carriage  come  from  ?  i       i  A 

A.    From    the    warm   hreatli  ana 
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insensible  perspiration  of  the  persons 
riding  in  it. 

Q.     What  is  the  cause  of  the  pretty  frost- 
woEK,  seen  on  hed-room  windows  in  winter  time  ? 

A.  The  hreath  and  insensible  perspi- 
\ration  of  the  sleeper  (coming  in  contact 
mith  the  ice-cold  window)  are  frozen  by 
tthe  cold  glass ;  and  form  those  beautiful 
sappearances  seen  in  bed-rooms  on  a 
\winter's  morning. 

Q.  Why  is  the  glass  of  a  window  colder 
Uhan  the  "walls  of  a  room  ? 

A.  Because  glass  is  so  excellent  a 
radiator,  that  it  parts  with  its  heat  more 
rrapidly  than  the  walls  do. 

Q.  WTiy  is  a  ttjmblek  of  cold  water 
nnade  quite  dull  with  mist,  when  brought  into  a 
'room  full  of  people? 

A.  Because  the  hot  vapour  of  the 
Toom  is  condensed  upon  the  cold  tumbler, 
witli  which  it  comes  in  contact ;  and  is 
^hanged  from  the  invisible  and  gaseous 
u'orm,  into  that  of  a  thick  mist. 

Q.     Wliy  is  a  &LA8S  made  quite  dull,  by 
yaying  a  hot  hand  mpon  iff 

u  3 
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.  Because  the  perspiration  from  the 
hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

Q.  Why  are  wine-glasses  made  quite  dull, 
when  brought  into  a  room  full  of  company?^ 

A.  Because  the  lot  vapour  of  the 
room  (coming  in  contact  with  the  cold 
wine-glasses)  is  condensed  upon  them, 
and  covers  them  with  moistm-e,  hke  dew. 

Q.  Why  does  this  misty  appearance  GO  orP, 
after  a  little  time  ? 

A.  Because  the  glass  becomes  ol  the 
same  temperature,  as  the  air  of  the  room ; 
and  will  no  longer  chill  the  vapour  which 
touches  it,  and  condense  it  into  mist. 

Q  Why  is  a  wine-bottle  (which  has  leen 
Irought  out  of  a  cellar  into  the  aie)  covered  with, 
a  thick  MIST  in  summer  time  ?  i.    ,      i  4. 

A.  Because  the  vapour  ot  the  hot 
air  is  condensed  into  a  thick  mist,  by 
contact  with  the  cold  glass. 

Q.  Why  does  bbeathing  on  a  glass  make 
it  quite  dull  ?  p  x  1      v  4. 

A.  Because  the  vapour  ot  the  not 
breath  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 
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Q.  WTiy  are  the  walls  of  a  house  covered 
%oith  WET  in  a  sudden  thaw  ? 

A.  Because  they  are  thick,  and  can- 
not change  their  temperature  so  fast  as 
the  air ;  in  consequence  of  which,  they 
retain  their  cold,  after  the  thaw  has  set  in 

Q.  Sow  does  "EETAiNiNa  their  cold" 
account  for  their  leing  so  loet? 

A:  As  the  vapour  of  the  warm  air 
touches  the  cold  ivalls,  it  is  chilled  and 
condensed  into  water ;  which  either  sticlis 
to  the  walls,  or  trickles  down  in  little 
streams. 

Q.  WTiy  does  a  thich  wEiL-BTiiiiT  house  con- 
tract more  damp  of  this  hind,  than  an  OEDiNAEr 
one  ? 

A.  Because  its  walls  are  much 
thicker ;  and  (if  the  frost  has  penetrated 
far  into  the  brichs)  they  will  be  some  time 
before  they  are  reduced  to  the  same  tem- 
perature as  the  air. 

Q.     Whi/  are  bajlttstees,  ^c.,  damp  after  a 

THAW  ? 

A.  Because  they  are  made  of  some 
very  close-grained  varnished  wood,  which 
cannot  change  its  temperature,  so  fast  as 
the  air. 

Balusters — corruptly  called  banisters. 
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Q.  Sow  does  this  account  for  tJie  balusters 
heing  damp  ? 

A.  Because  the  vapour  of  the  warm 
air  is  chihed  by  contact  with  the  coU 
halusters,  and  condensed  into  water  upon 
them. 

Q.  WJii/  is  tie  BEBATH  visible  in  winteb 
and  not  in  stjmmes  ? 

A.  Because  the  intense  cold  of  win- 
ter condenses  our  breath  into  visible 
vapour;  but  in  summer,  the  air  is  not 
cold  enough  to  do  so. 

Q.  Why  is  our  haie,  and  the  brim  of  our 
HAT,  ofien  covered  with  little  drops  of  pearly  dew 
in  winter  time  ?  •         i  j 

A.  Because  our  breath  is  condensed 
as  soon  as  it  comes  in  contact  with  our 
cold  hair  or  hat;  and  hangs  there  m 
Httle  dew-drops. 

Q  Why  does  the  steam  of  a  railway  boiler, 
often  four  down,  lihefme  rain,  when  the  steam  is 

''let  off?''  ,^  .  ^, 

A.    Because  in  cold  weather,  the 

steam  from  the  chimney  is  condensed  by 

the  cUll  air,  and  falls  like  fine  rain. 

0  Why  is  there  less  dew  when  the  wind 
is  EASTEELT,  than  when  the  wind  is  westebly  ? 
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A.  Because  easterly  winds  cross  the 
continent  of  Europe,  and  (as  they  pass 
over  land)  are  dry  and  arid  :  But  westerly 
vrmds  cross  the  Atlantic  Ocean,  and  (as 
they  pass  oyer  water)  are  moist  and  full 
£  vapour. 

Q.  Soto  does  the  detness  of  an  eatterly 
wind  PBETENT  dew-falls  ? 

A.  As  easterly  winds  are  very  dry, 
they  imbibe  the  moisture  of  the  air;  in 
consequence  of  which,  there  is  very  little 
left  to  be  condensed  into  dew. 

Q.  Sow  does  the  moistness  of  a  westerly 
wind  PEOMOTE  dew-falls? 

A.    As  westerly  winds  are  saturated 
'Aith  vapour,  they  require   very  little 
eduction  of  heat  to  cause  a  copious 
deposition  of  dew. 

Q.     When  is  dew  most  COPIG  ^SLT  deposited  ? 

A.  After  a  hot  day  in  summer  or 
autumn,  especially  if  the  wind  be  >iesterly. 

Q.  Why  is  dew  distilled  most  copiotjslt 
after  a  HOT  day  ? 

A.  Because  the  surface  of  the  hot 
earth  radiates  heat  very  freely  at  sun-set; 
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and  (being  made  mucli  colder  than  the 
air)  chills  the  passing  vapour,  and  con- 
denses it  into  dew. 

Q.  Does  not  aib  radiate  heat,  as  well  as 
the  EABTH  and  its  various  plants  ? 

A.  No ;  the  air  never  radiates  heat  ; 
nor  "is  it  made  hot  by  the  rays  of  the 

sun.  5 

Q.     Sow  is  the  air  made  hot  or  cold 

A.    By  convection  of  hot  or  cold 

currents. 

Q.     Explain  this. 

A.  Air  which  is  heated  by  contact 
with  the  earth's  surface  ascends,_  and 
colder  comes  into  its  place,  to  be  m  its 
turn  heated  in  the  same  way ;  this  process 
IS  repeated,  until"  there  no  longer  remains 
any  cold  air  to  be  made  warm. 

Q      How  is  the  air  made  cold  ? 

A  By  dhect  contact  with  the  colder 
earth,  and  by  being  mixed  with  colder 
currents  that  are  brought  by  the  wind. 

Q.  Why  is  MEAT  very  subject  to  taent,  if 
exposed  on  a  clear  moon-light  night  ? 

A.  Because  on  a  clear  night  it  wiU 
radiate  heat  very  fi'eely;   and,  conse- 
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quently,  be  wet  with  dew,  which  favours 
rapid  putrefaction. 

Q.  Sow  do  MOON-iiaHT  nigTits  conduce  to 
the  rapid  growth  of  plants  ? 

A.  Eadiation  is  carried  on  very 
rapidly  on  bright  moon-Hght  nights ;  in 
consequence  of  which,  dm  is  very  plen- 
tifully deposited  on  young  plants,  which 
conduces  much  to  their  growth  and 
vigour. 

Q.     Why  is  evening  dew  injtjeiotts  to  health  ? 

A.  Because  it  is  always  laden  with 
noxious  exhalations  from  the  earth ;  espe- 
cially in  marshy  countries. 

Q.     is  HONET-DEW  a  similar  thing  to  dew  ? 

A.  No.  Honey-dew  is  a  sweet  Hquid, 
shed  by  a  very  small  insect  (called  the 
a'phis),  and  deposited  in  autumn  on  the 
under  surface  of  favourite  leaves. 

Frequently  on  lime  trees,  in  the  spring  also. 

Q.  Does  honey-dew  injuee  leaves,  or  do 
them  good  ? 

A.  It  injures  them  very  much,  by 
filling  the  pores  with  a  thick  clammy 
liquid;  in  consequence  of  which,  the 
leaf  can  neither  transpire,  nor  absorb  its 
needful  food. 
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Q.  What  EFFECT  has  honey-dew  wpon  the 
appearance  of  a  leaf? 

A.  After  a  little  time,  the  leaf  (bemg 
smothered  and  starved)  begins  to  turn 
of  a  dingy  ijellow  colour. 

Q.     Are  not  ants  very  fond  of  honey-dew? 

a'.  Yes  ;  and  crawl  up  to  the  loftiest 
trees,  in  order  to  obtain  it. 

Q.     What  is  the  cause  o/mist  (or  earth-foy)  ? 

A.  If  the  night  has  been  very  calm, 
radiation  of  heat  from  the  earth  has  been 
very  abundant ;  in  consequence  of  which, 
the  air  (resting  on  the  earth)  has  been 
chilled,  and  its  vapour  condensed  mto  a 

thick  mist. 

Q  Why  does  not  the  mist  become  dew 
a'.  Because  the  chill  of  the  air  is  so 
rapid,  that  vapour  is  condensed  faster 
tlian  it  can  be  deposited;  and,  (covering 
the  earth  in  a  mist)  prevents  any  fui'ther 
radiation  of  heat. 

O  When  the  earth  can  no  longer  radiate 
heat  upwards,  does  it  continue  to  cokdense  tht 
vapour  of  the  air  ?  .     ,      -ii  j.-u« 

A  No  •  the  air  (m  contact  with  the 
eai-th)  becomes  about  equal  in  temperature 
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with  the  surface  of  the  earth  itself ;  for 
which  reason,  the  mist  is  not  condensed 
'  to  deiv,  but  remains  floating  above  the 
rth  as  a  thick  cloud. 

Q.     TMs  mist  seems  to  rise  TiigTier  and  liiglier, 
l  yet  remains  quite  as  dense  helow  as  at  first. 
Explain  the  cause  of  this. 

A.  The  air  resting  on  the  earth  ia 
•st  cliilled,  and  slowly  mixing  with  the 
r  above,  condenses  it  also  into  mist 
cewise ;  and  as  layer  is  thus  added  to 
ver,  the  mist  seems  to  be  rising,  when 
,111  fact)  it  is  only  deepening. 

Q.     WTiy  does  mist  and  dew  vanish,  as  the 
rises  ? 

A.    Because  the  an-  becomes  warmer 
rer  sun-rise,  and  absorbs  the  vapour. 

Q.       JVhl/  is  a  DEW-BEOP  EOTJNI)  ? 

A.  Because  eveiy  part  of  it  is  equally 
>nlanced:   and,  therefore,  there  is  no 

use  why  one  part  of  the  drop  should  be 
uither  from  the  centre,  than  another. 

Q.  WJiy  is  a  DEW-DEOP  (on  a  broad  leaf) 
lomctimes  flattened  ? 

A.    Because  two  or  more  drops  of  dew 
U  together,  and  make  one  large  spheroid 
)i  flattened  drop.)  x 
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Q.  Wliy  will  dew-drops  uoll  about  cabhage 
plants,  poppies,  ^c,  without  wetting  the  surface  ? 

A.  Because  the  leaves  of  cabbages 
and  poppies  are  covered  with  a  very  jine 
waxen  powder,  over  which  the  dew-drop 
rohs  without  wetting  the  surface,  as  a 
di'op  of  rain  over  dust. 

Q.  Wliy  does  not  a  drop  of  rain  tviit  the 
DtJSX  over  which  it  rolls  ? 

A.    Because  dust  has  no  affinity  for 

water;  and,  therefore,  repels  it. 

Q.  Whi/  does  not  a  dew-drop  "Wet  the  pow- 
DEE  of  callage-plants  ? 

A.  Because  the  fine  powder,  which 
covers  cabbage-leaves,  has  no  affinity  for 
water ;  and,  therefore,  repels  it. 

Q.  Why  will  dew-drops  eoll  ouer  aEOSE,  ^e. 
without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose 
contain  an  essential  oil,  which  has  no 
affinity  for  water ;  and,  therefore,  repels  it. 

Q.  Why  can  swans  and  ducks  dive  under 
water  without  being  wetted  ? 

A.  Because  their  feathers  are  covered 
with  an  oily  secretion,  which  has  no 
affinity  for  water;  and,  therefore,  repels  it. 
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Q.  JVhy  are  currents  of  air  from  the  land 
CCOLDEE  tJian  those  hlowing  over  water  ? 

A.  Because  the  earth  radiates  heat 
lafter  sun-set  more  freely  than  water; 
cconsequentfy,  air  which  comes  in  con- 
tact with  the  land  is  colder  than  that 
which  comes  in  contact  with  water. 

For  other  questions  respecting  land  and  sea  breezes,  see  Chapter 
D>A  il.,  page  300. 

Q.  •  Why  is  not  air,  which  passes  over  wateVf 
tto  COOL  as  that  which  passes  over  land  ? 

A.  Because  water  does  not  cool  down 
Bat  sun-set,  so  fast  as  land  does :  and, 
ttherefore,  the  air  in  contact  with  it 
rremains  ivarmer. 

Q.    Why  does  not  watee  cool  down  so  fast 

m XAND  ? 

A.  1st — Because  the  swr/ace  of  water 
is  perpetually  changing ;  and,  as  fast  as 
jone  smface  is  made  cold,  another  is  pre- 
sented :  and 

^  Sndly — When  water  is  made  cold  it 
mnks,  and  warmer  portions  of  water  rise 
<to  occupy  its  place  :  before,  therefere, 
Ithe  surface  of  water  is  cooled,  the  whole 
mlume  must  be  made  cold ;  which  is  not 
Ihe  case  with  land.  x  2 
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Q.     WJiat  is  the  cause  of  a  "pea-soup^* 

LONDON  F0&? 

A.    These  fogs  (which  occur  generally 

in  the  winter  time)  are  occasioned  thus : — 

Some  current  of  air  (being  suddenly 

cooled)  descends  into  the  warm  streets, 

forcing  back  the  smoke  in  a  mass  towards 

the  earth. 

Q.  Will/  are  there  not  always  fogs,  every 
night  ? 

A.  Because  the  air  will  always  hold 
in  solution  a  certain  quantity  of  vapour, 
(which  varies  according  to  its  tempera- 
ture) ;  and,  when  the  air  is  not  saturated, 
it  may  be  cooled  without  parting  with  its 
vapour. 

Q.     When  do  fogs  ocev/r  at  night  ? 

A.  When  the  air  is  saturated  ivith 
vapour  during  the  day.  When  this  is 
the  case,  it  deposits  some  of  its  super- 
abundant moisture  in  the  form  of  dew  or 
fog,  as  soon  as  its  capacity  for  holding 
vapour  is  lessened  by  the  cold  night. 

Q.  Whg  is  there  very  often  a  fog  over 
MABSHES  and  EIVEES,  at  night-time  ? 

A.    Because  the  aii-  of  marshes  is 
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almost  always  near  saturation;  and, 
therefore,  the  least  depression  of  tempera- 
ture will  compel  it  to  relinquish  some 
of  its  moisture  in  the  form  of  dew  or 

fljO'. 

Q.  WTiat  is  the  difference  between  dew 
end  rain  ? 

A.  In  Aew^  the  condensation  is  made 
near  -the  earth's  surface. 

In  rain,  the  drops  fall  from  a  consid- 
erable height. 

Q.     What  is  the  OAtrsE  of  both  dew  and  rain  ? 
A.    Cold  condensing  the   vapour  of 
tlie  air,  when  near  the  point  of  satura- 
■,.tion. 

Q.  WTiy  do  mist  and  fog  tattis  h  at  sun-rise  f 
A.    Because  the  condensed  particles 

sare  again  changed  into  invisible  vapour 

Iby  the  heat  of  the  sun. 

Q.  What  is  the  difference  between  a  mist 
taind  a  Foa  ? 

A.  Mist  is  generally  applied  to 
tvapours  condensed  on  marshes,  rivers, 
sand  lahes. 

Fog  is  generally  applied  to  vapours 

X  3 
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condensed  on  land;  especially  if  those 
vapours  are  laden  with  smoke. 

Q.  What  is  tie  reason  why  condensed  vapour 
sometimes  forms  into  clouds,  and  sometimes  into 
FOG?  ^  , 

A.  If  the  surface  of  the  earth  is 
hotter  than  the  incumbent  air,  the  vapour 
of  the  earth  is  cliilUd  by  the  cold  air, 
and  becomes  fog  :  But  if  the  air  is 
hotter  than  the  earth,  the  vapour  rises 
through  the  air,  and  becomes  cloud. 

Q.     If  cold  air  produces  fog,  why  is  it  not 

foggy  on  a  TEOSXT  MOKNIN&? 

1st — Because  less  vapour  is  formed 
on  a  frosty  day  :  and 

gndly — The  vapour  is  frozen  upon 
the  ground,  before  it  can  rise  from  the 
earth ;  and  becomes  hoar-frost. 

Q.     Why  are  fogs  more  general  in  axttumn, 

than  in  spring  ?  ,       .    .         .  . 

1st— Because  the  air  m  spnng  is 

generally  much  drier  than  in  autumn ; 

in  consequence  of  which,  it  is  not  so 

near  the  point  of  saturation :  and 

gndly— The  earth  in  spring  is  not  so 

hot,  as  it  is  in  autumn;  in  consequence 
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of  which,  its  vapour  is  not  chilled  into 
fog,  as  it  rises  into  the  air. 

Q.  Why  are  fogs  more  common  in  valleys, 
than  on  hills  ? 

A.  1st  —  Because  valleys  contain 
more  moisture  than  hills ;  and 

2ndly  —  They  are  not  exposed  to  suffi- 
cient wind,  to  dissipate  the  vapour. 

Q.     Hoio  does  ■WTND  dissipate  fogs  ? 

A.  Either  by  bloiving  them  away ; 
or  else  by  dissolving  them  into  vapour 
again. 

Q.       WJutt  is  HOAB-FEOST  ? 

A.  There  are  two  sorts  of  hoar-frost : 
1. — Feozen  dew  :  and  2. — Feozen  fog 

Q.  What  is  the  cause  of  the  geoukd  hoar- 
,Jrost,  or  frozen  dew  ? 

A.    Very  rapid  radiation  of  heat  from 

the  earth;  in  consequence  of  which,  the 

lurface  is  so  cooled  down,  that  it  freezes 

the  dew  condensed  upon  it. 

Q.  Why  is  hoarfrost  seen  only  after  a  very 
I  OLEAE  night  ? 

A.  Because  the  earth  will  not  have 
1  thrown  off  heat  enough  by  radiation,  to 
}  freeze  the  vapour  condensed  upon  its 
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surface,  unless  the  niglit  has  been  very 
clear  indeed. 

Q.  Why  does  hoar-frost  very  often  cover 
the  GEOUND  and  tbees,  when  the  water  of  rivers 
is  not  frozen  ?  n>       c  ^^ 

A.  Because  it  is  not  the  effect  ot  cold 
in  the  air,  but  cold  on  the  surface  of  the 
earth  (produced  by  excessive  radiation), 
which  freezes  dew  into  hoar-frost. 

Q.  Why  is  the  hoar-frost  upon  gbass  and 
VEGETABLES  much  thicker  than  that  upon  lofty 

A.  Because  the  air  (resting  on  the 
surface  of  the  ground)  is  much  colder 
after  sun-set,  than  the  air  higlur  up  : 
in  consequence  of  which,  more  vapour  is 
condensed  and  frozen  there. 

Q.  Why  is  the  Ain  (resting  on  the  surface  of 
the  earth)  colder  than  that  in  the  highee  regions  ? 

A.  Because  the  earth  radiates  more 
heat  than  the  leaves  of  lofty  ti'ees ;  and, 
therefore,  more  rapidly  condenses  and 
freezes  the  vapour  of  the  air. 

Q.  Wliy  are  evergreens  often  eeost-bittek, 
when  lofty  trees  are  not  ?  .     r  x. 

A.    Because  they  do  not  rise  iai'  above 
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the  surface  of  the  earth ;  and  (as  the  air 
contiguous  to  the  earth  is  made  colder  by 
radiation,  than  that  in  the  higher  regions) 
therefore,  the  loiv  evergreen  is  often /rosi- 
bitten,  when  the  lofty  tree  is  uninjured. 

Q,.  Whi/  is  there  little  or  no  lioar-frost 
under  SHETJB3  and  shady  trees  ? 

A.  1st — Because  the  leafy  top  arrests 
the  process  of  radiation  from  the  eaxth. 

Sndly — Shrubs  and  trees  radiate  heat 
towards  the  earth;  and,  therefore,  the 
'^  ground  beneath  is  never  cold  enough  to 
•  congeal  the  Httle  dew  deposited  there. 

Q.  Why  is  there  more  HOAU-rEOST  along 
tlie  shady  margin  of  a  hed&e  than  in  the  open 
field,  as  the  day  advances? 

A.  1st — Because  the  shade  of  the 
r:edge  prevents  the  dissipation  of  the 
hoar-frost  by  the  sun:  and 

2ndly — Because  the  hedge  screens  off 
wind  and  prevents  the  repose  of  the  air 
Ijeing  disturbed. 

Q.  What  is  the  cause  of  that  hoar-frost, 
ttohich  arises  from  rEOZEN  fog? 

A.    The  congelation  of  night-fog  by 
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the  freezing  chill  of  early  morning,  in 
consequence  of  which  the  fog  is  frozen 
upon  every  object  on  which  it  was 
deposited. 

CHAPTER  XVII. 


6.— CONVECTION. 

Q,    W7iat  is  meant  ly  the  conve  otion  qfheat  ? 

A.  Heat  communicated  by  being 
carried  to  another  thing  or  place;  as 
the  hot  water  rising  from  the  bottom  of  a 
kettle,  carries  heat  upward  in  its  ascent. 
{seep.  252.) 

Q.     Are  liquids  good  condtjotoes  of  heat  ? 

A.  No ;  liquids  ai^e  bad  cond\ic4ors ; 
and  are,  therefore,  made  hot  by  con- 
vection. 

Q.     WTiy  are  liquids  lad  conductors  of  heat  ? 

A.  Because  their  particles  (upon 
every  change  of  temperature)  are  put 
into  motion^  and  do  not  remain  suffi- 
ciently long  in  contact  with  each  other  to 
conduct  heat  progressively,  hke  a  bar  of 
iron. 
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^en  heat  is  applied  to  the  surface  of  a  fluid,  it  is  very  slmuly 
diffused  ui  a  dovmward  direction,  because  the  -nrarmed  particles 
continually  ascend,  without  having  time  to  impart  heat  to  the 
particles  below, 

Q.     Explain  Tiow  loater  is  made  hot. 

A.  The  water  nearest  the  fire  is  first 
heated,  and  (being  heated)  rises  to  the 
top  ;  its  place  is  supphed  by  colder  por- 
tions, which  are  heated  in  turn,  and  this 
interchange  continues  till  all  the  water  is 
boiling  hot. 

Q.  WTiy  is  water  in  such  continual  fee- 
MEiTT,  when  it  is  boiixng? 

A.  This  commotion  is  mainly  pro- 
duced by  the  ascending  and  descending 
currents  of  hot  and  cold  water. 

T  lie  escape  of  steam  from  the  water  contributes  to  increase  this 
;  nation. 

Q.    How  do  these  two  currents  pass  each  other  ? 

A.  The  hot  ascending  current  rises 
np  through  the  centre  of  the  mass  of  water; 
iwhile  the  cold  descending  currents  pass 
iiown  by  the  metal  sides  of  the  kettle. 

For  other  questions  upon  the  subject  of  boiling  water,  see  from 
mge  115  to  222. 

Q.  Why  is  heat  applied  to  the  bottom 
nnd  not  to  the  top  of  the  kettle  ?  ' 

A.  Because  the  heated  water  always 
ascends  to  the  surface  ;  if,  therefore,  heat 
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were  applied  to  the  top  of  a  vessel,  the 
water  below  the  surface  would  never  be 
heated. 

Q.  y^s  the  lower  part  of  a  grate  is  made 
EED-HOT  ly  the  fire  above,  why  would  not  water 
loil  if  fire  were  applied  to  the  top  of  a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor;  if,  therefore,  one  pai't  be 
heated,  the  heat  is  conducted  to  every 
other  part :  But  loater  is  a  very  had  con- 
ductor, and  will  not  diffuse  heat  in  a 

similar  way. 

Q.  Prove  that  water  is  a  BAD  conductor  of 
heat. 

A.  When  a  blacksmith  immerses  his 
red-hot  non  in  a  tank  of  water,  the  water 
which  surrounds  the  iron  is  made  hoiling 
hot,  while  that  heloio  the  surface  remains 
quite  cold. 

Q.  If  you  wish  to  cool  liquids,  where  should 
the  cold  he  applied  ? 

A.  To  the  toj)  of  the  liquid :  because 
the  cold  portions  will  always  descend,  and 
allow  the  warmer  parts  to  come  in  con- 
tact with  the  cooling  substance. 

Q.  Does  BOILING  water  get  hotter  hy  hein^ 
KEi'T  on  the  jire  / 
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A.    No : — not  if  the  steam  be  suffered 
to  escape. 

Q.    Will/  does  not  ioiling  water  get  hotteb 
if  the  steam  he  suffered  to  escape  ? 

A.    Because  the  water  is  converted 
into  steam,  as  fast  as  it  boils ;  and  the 
•  steam  carries  away  the  additional  heat. 

Q.  Why  does  aovs  Tceep  Tiot  longer  than 
i  boiling  wafer  ? 

A.  Because  the  grease  and  various 
i ingredients  floating  in  the  soup,  retard 
tthe  ascent  of  the  hot  particles,  and  pre- 
sent their  rising  so  freely  to  the  surface. 

Q-  If  you  want  to  Jceep  water  hot  for  a 
llorig  time,  hoio  could  it  he  done  ? 

A.  By  adding  a  httle  starch  or  flowr 
tto  the  water. 

Q.    Why  would  a  little  starch,  added  to 
foiling  xoater,  serve  to  keep  it  hot  ? 

A.  Because  it  would  retard  the  ascent 
.of  the  hot  particles,  and  prevent  their 
Teaching  the  surface  of  the  water. 

Q.     Why  do  thicTc  milJc,  nee  milk,  Sfa.,  re- 
main HOT  longer  than  water  ? 

~  A.    Because  the  ascent  of  the  hot 
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particles  is  opposed  by  the  flour  or  rice, 
which  therefore  cannot  reach  the  suiface 

so  quickly. 

Q.     Is  SXEAM  visible  or  invisible  ? 

A.  Steam  is  invisible;  but  when  it 
comes  in  contact  mth  the  ah,  and  is  con- 
densed into  smaU  drops,  it  becomes  visible. 
Q.  How  do  you  know  that  steam  is  iktisible  ? 
A.  If  you  look  at  the  spout  of  a 
boiling  kettle,  you  will  find  that  the 
steam  (which  issues  from  the  spout)  is 
always  invisible  for  about  half  an  inch; 
after  which,  it  becomes  visible. 

Q.    WTiy  is  the  steam  invisible  for  half  an  inch  ? 

A.  Because  the  ah  is  not  able  to 
condense  it,  as  it  first  issues  from  the 
spout ;  but  when  it  s'^reads  and  comes  m 
contact  with  a  larger  volume  of  air,  the 
invisible  steam  is  readily  condensed  mto 

visible  drops. 

Q.     Why  do  steam-engines  sometimes  burst  ? 

A*.  Because  steam  is  very  elastic; 
and  this  elasticity  increases  in  a  greater 
proportion  than  the  heat  which  produces 
it  •  unless,  therefore,  some  vent  be  heely 
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allowed,  steam  will  burst  the  vessel  which 
confines  it. 

Q.     Is  air  a  good  condtjctoe  ? 

A.  No  :  air  is  a  very  had,  conductor ; 
and  is  heated  (like  water)  by  convection. 

Q.     Sow  is  a  room  loarmed  hy  a  stote  ? 

A.  The  air  nearest  the  fire  is  made 
hot  first,  and  rises ;  cold  air  then  descends^ 
is  heated,  and  ascends  in  hke  manner; 
and  this  interchange  goes  on,  till  all  the 
ail'  of  the  room  is  warmed. 

Q.   Wliy  are  fires  placed  ont1ie'E'LOO'&  of a  room  ? 

A.  Because  heated  air  always  ascends. 
If,  therefore,  the  fire  were  not  near  the 
^  floor,  the  air  of  the  lower  part  of  the  room 
'  would  never  be  heated  by  the  fire  at  all. 

Q.  If  you  take  a  poker  oiot  of  afire,  and  hold 
itTie  hot  end  DOWinyAiiDS,  why  is  your  hand 
I  scorched  luith  heat  ? 

A.    Because  the  hot  end  of  the  poker 
"heats  the  air  around  it ;  and  this  hot  air 
I  (in  its  ascent)  scorches  our  hand. 

Q.  Soio  should  a  bed-hot  poker  he  carried, 
ISO  as  not  to  burn  our  fingers  ? 

A.  With  the  hot  end  upwards;  for 
t  then  the  air  (heated  by  the  poker)  would 
L  not  pass  over  our  hand  and  scorch  it. 
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CHAPTER  XVII. 

Q.     Of  tohat  is  atmospheric  aib  composed? 

A.  Principally  of  two  gases,  oxygen 
and  nitrogen;  mixed  together  in  tlie 
following  proportion :  viz.  one  gallon  of 
oxygen,  to  four  of  nitrogen. 

It  must  not  be  forgotten  that  the  air  contains  small  quantities  of 
Other  gaseous  substances  also,  as  vapour  of  water,  carbonic  acta 
and  ammonia. 

Q.     W  hat  do  you  mean  hy  a  gas  ? 

A.  A  permanent  elastic  fluids  resem- 
bling air. 

N.B  — MOST   GASES   ARB   INTISIBLS   AJTD   TRANSPAHENT,    LIKE  AIR. 

"  PERMANENT."— In  this  respect  gas  differs  from  vapour  wbicli 
is  not  permanent :  for  vapour  may  be  easily  condensed  by  cold  into 
a  liquid,  but  gas  does  not  change  its  gaseous  form  under  ordinary 
pressure. 

"ELASTIC."— In  this  respect  gas  differs  from  a  liquid,  ■which is 
almost  inelastic ;  whereas  gas  is  exceedingly  elastic. 

«'  RESEMBLING  AIR  "  or  aeriform.— The  -word  "  Gas  "  means 
air,  but  air  is  a  compound  of  two  gases.  Some  few  gases  are 
visible,  as  chlorine,  -which  ia  a  greenish  yellow. 
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Q.  TThat  is  the  difference  hetween  a  gas 
and  a  iiqtjid  ? 

A.    Gases  are  elastic,  but  liquids  not. 

Q.  Illustrate  what  is  meant  T>y  "  the  elas- 
ticity of  gas." 

A.  If  from  a  vessel  full  of  gas,  half 
were  taken  out — the  other  half  would 
immediately  spread  itself  out,  and  fill 
the  same  space,  as  was  occupied  by  the 
original  quantity. 

Q.     JProve  that  a  liquid  is  kot  elastic. 

A.    If  from  a  gallon  of  water  you  take 
half,  the  remainmg  4  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did :  a  liquid,  therefore,  is  not 
'  elastic,  hke  gas. 

Strictly  speaking,  a  liquid  is  slightly  elastic ;  inasmuch  as  it  may 
1  )>e  compressed,  and  will  afterwards  recover  its  former  dimensions. 

Q  Wliat  are  the  chief  uses  of  the  oxyqeh 
(  of  the  air  ? 

A.  To  support  combustion,  and  sus- 
'  tain  life. 

Q.  What  is  meant,  when  it  is  said,  that  the 
■  oaaygen  of  the  air  "stjppoets  combustion?" 

A.  It  means  this :  It  is  the  oxygen 
t  of  the  air,  which  makes  fuel  hum. 

T  3 
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Q.     Soto  does  the  oxygen  of  the  air  make 

FUEL  BUEIS^? 

A.  The  fuel  is  decomposed  (by  heat) 
into  hydrogen  and  carhon ;  and  these 
elements,  combming  with  the  oxygen  of 
the  air,  produce  combustion. 

Q.  W7iai  G  AS  is  produced  ly  the  comlina- 
tion  of  carhon  and  oxygen  ? 

A.  Carbonic  acid  gas.  {See  p.  38.) 
Q.     What  becomes  of  the  htdeogen  of  the 

FUEL  ? 

A.  The  hjdrogen  of  the  fuel  comoines 
with  the  oxygen  of  the  air,  and  forms 
WATERY  vapour;  but  the  combination 
is  attended  by  the  production  of  flame, 
owing  to  the  very  inflammable  nature  of 
hydrogen. 

It  must  be  remembered,  that  the  gas  of  burning  fuel  is  not  pure, 
but  carburetted  hydiogen. 

Q.  What  lecomes  of  the  niteogen  of  the 
air,  amidst  all  these  changes  and  comlinations  ? 

A.  The  nitrogen  escapes  unchanged 
to  be  again  mixed  with  oxygen,  and 
converted  into  common  air. 

Q.  Wliat  is  meant,  when  it  is  said,  that 
oxygen  "  sustains  life  ?  " 

A.  It  means  this  :  If  a  person  could 
not  inhale  oxygen,  he  would  die. 
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Q.  WTiat  GOOD  does  this  inspiration  of 
I  osi/gen  do  ? 

A.  1st — It  gives  vitality  to  the  blood ; 

:  and 

Sndly — Is  the  cause  of  animal  heat. 

Q.     Soio  is  food  converted  into  blood  ? 

A.  After  it  is  swallowed,  it  is  dissolved 
iin  the  stomach  into  a  grey  pulp,  called 
( CHYME  ;  it  then  passes  into  the  intestines 
1  and  is  converted  by  the  ''bile"  into  a 
imilhj  substance,  called  chyle. 

(Ch}me,prono«ncekyine;  chyle,  pronouncekyle;  each  as  one  syllable, 

Q.  TFhat  BECOMES  of  the  milJcy  substance 
t  called  CHYLE  ? 

A.  It  is  absorbed  by  the  vessels 
( called  "  lacteals,"  and  poured  into  the 
weins  on  the  left  side  of  the  neck. 

"Lacteals,"  pronounce  lac-te-ala. 

Q.     What  becomes  of  the  chyle,  ajtteb  it  is 
f  poured  into  the  veins  ? 

_  A.  It  mingles  with  the  blood,  and  is 
i  itself  converted  into  blood  also. 

Q.     Hoto  does  the  oxygen  we  inhale,  mingle 
ttoith  the  blood  ? 

A.    The  oxygen  of  the  air  mingles 

iiwith  the  blood  in  the  lungs,  and  converts 

iiit  into  a  brighi  red  colour. 
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Q.     WTiat  c6lov/r  is  the  Hood  BEroEE  it  ts 
oxidized  in  the  lungs  ? 

A.  A  dark  purple.  The  oxygen  turns 
it  to  a  bright  red. 

Oxidized,  i.e.,  impregnated  -with  oxygen. 

Q.     WTi^j  are  persons  so  paxe,  who  live  in 
rooms  and  cities? 

A.  Because  the  air  in  close  rooms 
and  cities  is  not  fresh ;  and  heing  de- 
ficient in  oxijgen,  cannot  turn  the  blood 
to  a  beautiful  bright  red. 

Q.  W7iy  are  persons  who  live  in  the  open 
air  and  in  the  country,  of  a  buddy  complexion? 

A.  Because  they  inhale  fresh  au-, 
which  has  its  full  proportion  of  oxygen : 
and  the  blood  derives  its  bright  red 
colour  from  the  oxygen  of  the  air  inhaled. 

Q.  Why  is  not  the  air  in  cities  so  teesh, 
as  that  in  the  cotjntet  ?  i     •  ■. 

A.  Because  it  is  impregnated  with 
the  hreath  of  its  numerous  inhabitants, 
the  odour  of  its  sewers,  the  smole  of  its 
fires,  and  many  other  impurities. 

Q.    Sow  does  oxygen  convert  the  colour  of 
Hood  into  a  bright  bed  ?  p  i     i  i  j 

A,    The  colounng  matter  ot  the  biooa 
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i  is  formed  of  very  minute  globules,  tioating 
i  in  it ;  the  oxygen  (uniting  with  the  coats 
•  of  these  globules)  makes  them  milky — 
land  the  dark  coloming  matter  of  the 
I  blood  (seen  through  this  milky  coat) 
.■appears  of  a  bright  red. 

Exp.  :  If  you  put  some  dark  venous  rtood  Into  a  milkij  glass, 
I  and  hold  it  up  towards  the  light,  it  mil  appear  of  a  bright  florid 
I  oolour,  like  arterial  blood. 

Q.  Sow  does  tTie  comhination  of  oxygen 
I  ioith  the  Hood  produce  animal  heat  ? 

A.    The  principal  element  of  the  blood 

lis  carbon;  and  this  carbon  (combining 

'with  the  oxygen  of  air  inhaled)  produces 

icarbonic  acid  gas,  in  the  same  way  as 

Ibm-ning  fuel.    {Seep.  39.) 

Q.  What  lecomes  of  the  nitkogek  of  the 
I  air  after  the  oxygen  enters  the  blood  ? 

A     It  is  thrown  out  from  the  lungs 

nmchanged,  by  the  act  of  breathing;  to 

Ibe  again  mixed  with  oxygen,  and  con- 

1  verted  into  common  air. 

Q.  TVhy  does  the  vitiated  air  {after  the 
i  oxygen  has  been  absorbed)  come  otjt  of  the 
)1IO0TH,  and  not  sink  into  the  stomach? 

A.    Because  it  is  diiven  out  by  the 
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contraction  of  the  walls  of  the  chest,  and 
there  is  no  vacant  space  in  the  cavity  of 
the  gullet  and  stomach  for  it  to  fall  into. 

N.B. — The  lungs  are  a  holloio  spongy  mass,  capable  of  holding 
air,  and  of  being  dilated.  Thej  are  so  situated  in  the  thorax  (or 
chestl,  that  the  air  must  enter  into  them,  whenever  the  cavities  of 
the  tnorax  are  enlarged.  The  process  of  breathing  is  performed 
thus:  \Vhen  we  inhale,  the  thorax  (or  chest)  is  expanded;  in 
consequence  of  -which,  a  vacuum  is  formed  round  the  lungs,  and 
heavy  external  air  instantly  enters  (through  the  mouth  and  throat) 
to  supj)ly  this  vacuum. 

Wlien  vre  exhale,  the  thorax  contracts  again ;  in  consequence  of 
which,  it  can  no  longer  contain  the  same  quantity  of  air,  as  it  did 
before ;  and  some  of  it  is  necessarilv  expelled.  When  tliis  expulsion 
of  air  takes  place,  the  mtiscular  fibres,  which  form  the  floor  of  the 
chest,  contract,  in  order  to  assist  the  process. 

Q.  If  (iotJi  in  combustion  and  respiration) 
tlie  OXYGEN  of  the  air  is  consumed,  and  the 
NITEOGEN  EEJEOTED — Why  are  not  the  Pso- 
POETiONS  of  the  air  desteoted  ? 

A.  Because  the  under  surface  of  vege- 
table leaves  (during  the  day)  gives  out  oxij- 
gen  ;  and  thus  restores  to  the  air  the  veij 
element  of  which  it  has  been  deprived. 

Q.  Whence  do  leaves  obtain  the  oxygen, 
which  they  exhale  ? 

A.  From  the  carbonic  acid,  absorbed 
by  the  roots  from  the  soil,  and  carried  to 
the  leaves  by  the  rising  sap. 

N.B.— Carbonic  acid  (it  must  be  remembered)  is  a  compound  of 
carbon  and  oxygen. 
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Q.  How  do  plants  contrive  to  ahsorh  car- 
bonic  acid  from  the  soil  ? 

A.  It  rises  (by  capillary  attraction) 
through  the  small  fibrous  roots,  after  it 
has  been  dissolved  in  the  soil  by  water. 

Q.    Whence  does  tJie  soil  obtain  carbonic  acid? 

A.  1st — From  the  air ;  from  which 
it  is  driven  by  falling  showers  : 

Sndly — From  the  decomposition  of 
vegetable  and  animal  matters,  which 
always  produces  this  gas  in  abundance ; 
and 

3rdly — All  hme-stone,  chalk,  and  cal- 
careous stones,  contain  vast  quantities 
of  carbonic  acid  in  a  solid  state,  and  the 
presence  of  any  acid  sets  it  free. 

Calcareous,  i.e.  of  a  limy  nature. 

Q.  Jf  leaves  throio  off  the  oxt&en  of  the 
carbonic  acid,  what  becomes  of  the  carbon  ? 

A,  It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

Q.  Show  how  Ood  has  made  aotmal  life 
dependent  on  that  of  vegetables. 

A.  Animals  require  oxygen  to  keep 
them  alive,  and  draw  it  from  the  air  by 
inspiration :  The  under  surface  of  leaves 
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gives  out  oxygen ;  and  thus  supplies  the 
air  with  the  very  gas  required  for  the  use 
of  animals. 

Q.  SJiow  lioio  God  has  made  vegetable 
life  dependent  on  that  of  animals. 

A.  PI aiijts  rc quire  carbonic  acid,  which 
is  their  piincipal  food ;  and  all  animals 
exhale  this  gas  from  their  lungs.  _  Thus 
animals  supply  plants  with  carbonic  acid, 
and  plants  supply  animals  with  oxijgen. 

Q.     Sow  is  air  heated  ? 

A.    By  "  convective  currents." 

Q.     I^xplam  what  is  meant  hj  "  cottyectitb 

CTTRllENTS." 

A.  When  a  portion  of  air  is  heated, 
it  rises  upwards  in  a  current,  cai'rying 
heat  with  it:  other  colder  air  succeeds, 
and  (heing  heated  in  a  similar  way) 
ascends  also  :  and  these  ai-e  called  "  con- 
vective currents." 

"  Convective  currents"— so  called  from  the  Latin  words,  cumveo- 
tus  (carried  with)  ;  because  the  heat  is  "  carried  with"  the  current. 

Q.     Is  air  heated  hij  the  rays  of  the  stjn  ? 

A.  No;  air  is  not  heated  (in  any 
sensible  degree)  by  the  action  of  the 
suns  rajjs  passing  through  it 
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Q.  Why  is  ilie  air  hotxeii  on  a  sunny 
day,  than  on  a  oloudt  one  ? 

A.  Because  the  sun  heats  the  sur- 
'ace  of  the  earth,  and  the  air  (resting  on 

;  he  earth)  is  heated  hy  contact :  as  soon 
IS  it  is  heated  it  ascends,  and  its  place  is 

-upphed  hy  colder  portions,  which  are 

heated  in  turn  also. 

Q.  If  air  he  a  bad  conductor,  lohy  does  hot 
iron  become  cold,  by  exposure  to  the  air  ? 

A.  Because  it  is  made  cold;  1st 
— By  "  conyection  ; "  and  2ndly — By 
"  radiation." 

Q.     Howishotironmade  coldly  contection? 

A.  The  air  resting  on  the  hot  h-on 
(heing  intensely  heated)  rapidly  ascends 
with  the  heat  it  has  absorbed ;  colder  air 
succeeding  ahsorhs  more  heat,  and  as- 
cends also ;  and  this  process  is  repeated, 
Ull  the  hot  iron  is  completely  cooled  down. 

Q.     How  is  hot  iron  cooled  by  eadiatiodt  ? 

A,  "While  its  heat  is  being  carried 
off  by  "  convection,"  the  hot  iron 
throws  off  Jieat  (on  all  sides)  hy  radiation 
also. 
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Q.     WJiat  is  meant  ly  eabiatiott  ? 
A.    The  th^o^Ying  off  of  heat  (in  all 
directions)  from  the  surface  of  a  hot  body. 

Radiation.— li  was  once  thought  that  heat  was  emitted  from  hot 
bodies  in  the  form  of  rays. 

Q,     Row  is  soup  COOLED  ly  being  left  exposed 
to  the  AIB  ? 

A.  It  throws  off  some  heat  by  radia- 
tion ;  but  it  is  mainly  cooled  down  by 
convection.  • 

Q.     Sow  is  hot  soup  cooled  down  by  COK- 

VECTION  ? 

A.  The  air  resting  on  the  hot  soup 
(being  heated)  ascends;  colder  air  suc- 
ceeding absorbs  more  heat;  and  ascends 
also;  and  this  process  is  repeated,  till 
the  soup  is  made  cool. 

The  particles  on  the  surface  of  the  broth  sink  as  they  are  cooled 
down,  and  warmer  particle*  rise  to  the  surface;  which  greatly 
assists  the  cooling  process. 

Q.  Why  are  hot  tea  and  soups  COOLED  the 
faster  for  being  stirred  about? 

^  ]st — Because  agitation  assists 
in  bringing  the  hottest  particles  to  the 
surface  : 

gndly— The  action  of  stimng  agitates 
the  air,  and  brings  it  more  quicldij  to  the 
soup  or  tea :  and 
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3rdly — As  the  hotter  particles  are 
more  rapidly  brought  into  contact  with 
llie  air,  convection  is  inore  rapid. 

Blowing  tea  or  broth  cools  it  also.    {Seep.  186.) 

Q.  «  shutter  he  closed  in  the  day-time, 
the  stream  of  light  (piercing  through  the  crevice) 
seems  in  constant  agitation.    Why  is  this  j' 

A.  Because  little  motes  and  particles 
of  dust  (thrown  into  agitation  by  the 
convective  currents  of  the  air)  are  made 
risible  by  the  strong  beam  of  light, 
thrown  into  the  room  through  the  crevice 
t'  the  shutter. 

Q.     WTiy  can  we  not  see  the  air  ? 

A.  Because  it  is  perfectly  transparent, 
i.  e.  permits  all  the  rays  of  light  to  pass 
through  it  without  reflecting  any. 

Q.     Why  does  water  bise  in  a  common  pump  ? 

A.  Because  the  pressure  of  the  air 
IS  removed  from  the  water  in  the  pipe  of 
>he  pump  by  the  action  of  the  sucker; 
but  not  from  the  water  in  the  well. 

Take  a  tube  (shaped  like  a  u)  partially  filled  with  water,  and  let 
in  r  quai  weight  be  fitted  to  each  orifice  :  so  long  as  the  weights  are 
■  islurbed,  the  water  will  remain  at  the  saine  level  on  both  sides 
lie  lube:  but  if  one  weight  be  removed,  its  place  will  be 
■uitly  occupied  with  an  equal  weight  of  water.  So  in  a  puinp, 
air  may  be  compared  to  these  two  weights ;  as  the  action  of  the 
-^er  removes  one,  water  rushes  into  the  pipe  to  counterbalano* 
weight  of  air  pressing  on  the  water  in  the  well.        z  2 
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Q.  How  h'ffJi  can  atmospleric  pbebsuee 
make  water  rise  in  a  pipe  of  a  pmip  ? 

A.  About  30  feet  above  the  level  oi 
the  water  in  the  well. 

It  would  be  nearly  34  feet  if  the  pump  were  of  perfe-.t  construfr 
t\on  Because  a  column  of  water  34  feet  high,  weighs  the  same  as  an 
eXl-si/e  "olumn  of  air,  reachinp  to  the  top  of  the  atmosphere. 
KB.-  The  atXpheric  pressure  is  15  pounds  on  each  s(;uaremch. 

Q.  How  is  water  pumped a  well  more 
than  30  feet  deep  ?  i    i.       .  i 

A.  The  iDiston-rod  is  made  to  extend 
within  30  feet  of  the  water  in  the  well ; 
and  when  the  water  has  risen  thus  high, 
it  passes  through  a  valve  in  the  sucker, 
and  is  lifted  out  of  the  pump  by  the 
piston  box. 

The  water  is  lifted  from  deep  weUs,  and  never  suclced  up  beyond 
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Q.  Why  does  a  syplion  empty  a  vessel  of 
its  liquid  ?  .  ^       c  i.t      \  i. 

A.  Because  one  side  ot  the  bent 
tube  being  longer  than  the  other,  con- 
tains a  greater  loeight  of  water,  and  the 
halance  is  destroyed. 

The  unenua.  weight  of  water  in  the  two  tubes,  causes  the  water  of 

Q.  W7nj  is  it  often  difficult  and  painful  to 
Ireuthe  on  a  mountain  top  ? 
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A.  Because  the  pressure  of  the  air 
on  a  mountain  top  is  not  so  great  as 
on  a  plain.  Consequently  the  fluids  in 
ihe  body  expand,  and  painfully  stretch 
the  membranes  which  contain  them. 

Q.  W%i/  do  we  often  feel  oppressed  just 
^previous  to  a  storm? 

A.  Because  the  air  is  greatly  rarefied ; 
land  the  removal  of  pressure  from  the 
J  surface  of  the  body,  causes  a  painful 
t  distension. 

Q.  Sow  do  you  Tcnow  that  the  density  of 
tthe  air  is  lowered,  previous  to  a  storm? 

A.  Because  the  mercury  of  a  barome- 
tter  rapidly  falls. 

The  mercury  in  the  tube  of  the  barometer  is  held  up,  like  the 
1  water  in  the  tube  of  the  pump,  by  the  pressure  of  the  atmosphere. 

Q.      Why  do  CORNS  ache  previously  to  eain  ? 

A.  Because  the  rarefied  state  of  the 
laar  causes  distension  in  the  tissues  of  the 
^feet ;  and  as  the  hard  corn  cannot  swell 
f equally  with  the  softer  parts,  irritation 
i:is  produced  in  the  fibrils  of  the  nerves. 

Q.      JF^yio  CELLARS yeeZWAEMt'raWINTEE? 

A.    Because  the  external  air  has  not 
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free  access  into  them ;  in  consequence  of 
which,  they  remain  almost  at  an  even 
fmpcrate ;— which  (in  winter  time)  is 
about  ten  degrees  warmer  than  the 
external  air. 

Q.     Whj  do  CELLABS  feel  cold  in  summeb ? 

A.  Because  the  external  air  has  not 
free  access  into  them  ;  in  consequence  of 
which,  they  remain  almost  at  an  even 
temperatm-e,— which  (in  summer  time)  is 
ahjut  ten  degrees  colder  than  the  ex- 
ternal air. 

Q.     Why  does  aik  rust  ikon  r 

a'.  Because  the  oxygen  of  the  air 
combines  with  the  surface  of  the  metal, 
and  produces  oxide  0/  iron:  which  is 
generally  called  "  rust." 

An  oxide  of  iron,  copper,  &c.,  is  oxygen  in  comUnation  with 
iron,  copper,  &c. 

Q.  Why  does  hot  iron  scale  and  peel  oJ 
when  struck  ivith  a -BAMU^n?  .  | 

A.  Because  the  oxygen  of  the  air 
veiT  readily  unites  with  the  surface  ot 
hot  iron,  and  forms  a  metalhc  oxide  (or 
rust),  which  scales  off,  when  struck  with 
a  hammer. 
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Q.     Does  iron  exist  in  det  air  ? 

A.  No;  iron  undergoes  no  change 
in  dry  air. 

Q.  Wlxy  do  ST0TE3  and  fiee-ieofs  hecome 
ETTSxr  in  rooms,  ivhieli  are  not  occupied  ? 

A.  Because  the  air  is  damp;  and 
moist  air  oxidizes  iron  and  steel. 

Oxidizes,  i.e.  rusts. 

Q.     In  wTiat  part  of  the  year  is  it  most  diffi- 
cult to  keep  STOTES  and  fieb-ieons  beight  ? 
A.    In  autumn  and  winter. 

Q.  W7ii/  is  it  more  difficult  to  Jceep  stotbs 
and  FIEE-IEONS  Iright  in  autumn  and  winter^ 
than  in  spring  and  summer  ? 

A.    Because  the  capacity  of  the  air 

for  holding  water  is  constantly  on  the 

decrease,  after  the  summer  is  over;  in 

consequence  of  which,  vapour  is  deposited 

on  everything  with  which  the  air  comes 

in  contact. 

Q.  Why  does  geeasinq  iron  prevent  its 
becoming  eitstt  ? 

A.  Because  grease  prevents  the  hu- 
midity of  an-  from  coming  in  contact 
with  the  surface  of  the  iron. 

Q.     Wliy  do  not  stoves  rust,  so  frequently  a» 

P0KEE8  and  TONGS  ? 
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A.    Because  stoves  are  generally  cov- 
ered with  plumbago,  or  black  lead. 

Q.     WTiat  is  plvmbago  or  black  lead  ? 
a',    a  mixture  of  charcoal  and  iron. 

™     V       fotvi^tw  snpakinel  is  a  clieinical  union  of  cnrion  and 
Kments!  without  injuring  their  deh^^^^ 

Q  Wly  does  ornamental  steel  {of  a  purple 
or  MLAC  colour)  rust  more  readily,  than  pohshed 
yfRiTE  steel  ?  ,        .         1  „j 

A.  Because  the  lilac  tinge  is  produced 
by  partial  oxidation;  and  the  proces^s 
which  forms  rust  has  already  commenced. 

Q.     Sow  can  lilac  steel  he  kept  EEEE/ro»» 

A.    By  keeping  it  in  a  dry  place. 
Q     If  DET  AiE  contains  oxtgek,  why  does 
it  HOT  BUST  lEON,  as  well  as  moist  air  ? 

A  Because  moisture  is  necessary  to 
bring  into  action  the  affinity  of  oxygen 
for  steel  ■ 

water  is  d'ecomposed  ^TConUct  with  iron  ;  but^U^^^^^^ 
^^r^^lTr^X^fr'X^^  Po' eHs"S.sty,  when  it  cooU. 

-  Q     Bo  any  othee  metals  (besides  iron)  com- 
bine rabidly  with  oxygen  i 
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A.  Yes  ;  copper,  zinc,  lead,  mercury ; 
and  even  silver  oxidizes  to  some  extent. 

Q.     Wliy  do  COPPER  and  zinc  tarnish  ? 

A.  The  tarnish  of  copper  and  zinc 
is  caused  by  their  oxidation;  that  is, 
oxygen  from  the  moist  air  combines  with 
the  surface  of  the  metals,  and  (instead 
»f  rusting  them)  covers  them  with  a  darh 
tarnish. 

Q.  W7ii/  does  lead  become  of  a  daekeb 
hue,  hy  being  exposed  to  the  air  ? 

A.  Because  the  oxygen  of  the  moist 
air  combines  with  the  lead,  and  oxidizes 
its  surface;  which  instead  of  becoming 
nisty,  assumes  a  darker  hue. 

Q.  TVJiy  does  lead  lose  its  brightness,  and 
become  dull,  by  being  exposed  to  the  air? 

A.  The  dullness  of  the  lead  is  caused 
by  the  presence  of  a  carbonate  of  the 
oxide:  When  the  oxide  is  formed,  it 
attracts  carbonic  acid  from  the  air,  and 
by  combining  with  it,  produces  a  carbon- 
ate, which  gives  the  didl  tint  to  old  lead. 

Q.     Why  is  it  difficult  to  keep  silver  bthqht  ? 

A,  Because  the  vapour  of  the  air 
oxidizes  its  surface,  and  tarnishes  it.  ' 
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The  tarnish  ot  silrcr  forks  and  spoons,  is  often  due  to  the  sulphur 
and  sulphuretted  hydrogen  of  certain  foods  united  to  the  silver  by 
saliva,  according  to  a  regular  galvanic  process  N.B  -Mithoul 
saUva!  egg  spoons,  &c.,  will  not  tarnish  from  food,  because  the 
galvanic  influence  is  not  brought  into  action. 

Q      Why  do  silver  tea-pots  and  spoons 
tarnish  more  quicJcly  than  silver  ore  or  bullion  ? 

A.  Because  alloy  of  some  la&er  metal 
is  used,  to  make  them  more  hard,  and 
lasting;  and  this  alloy  oxidizes  more 
quickly,  than  silver  itself. 

Q.  Why  does  Geeman  silver  turn  a  dingy 
yellow  in  a  few  hours  ? 

A.  Because  German  silver  has  a  great 
affinity  for  oxygen  ;  and  shows  its  oxida- 
tion by  a  ijdlow  tar7iish,  instead  of  rust. 

Q.  Jf  quicJcsilver  (or  mercury)  will  tarnish 
like  copper  and  lead— why  does  it  preserve  its 
Irilliancy  in  baeometees  and  theemometees  ? 

A.  Because  the  air  is  excluded  ;  and 
no  moisture  can  come  in  contact  with  it, 
to  oxidize  (or  tarnish)  it. 

Q      Is  QOiB  affected  ly  the  atmosphere  ? 

A."  Not  readily;  gold  will  never 
combine   with   oxygen  of  itself,  (i.  e. 

without  aid).  . 

Q.     Which  of  the  metals  is  capable  of  restst- 

inq  oxidation  altogether  ? 

A.    Plat'inum;    in  consequence  ol 
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which,  the  graduated  arcs  of  delicate 
"  instiTiments  for  observation"  are  made 
of  plat'iniim,  in  preference  to  other  metals. 

Before  plat'innm  was  known,  gold  was  used  for  this  purpose. 

Q.  Whi/  is  PLAT'ES-  UM  used  for  the  graduated 
arcs  of  delicate  mathematical  instruments,  instead 
of  any  other  metal  ? 

A.  Because  it  will  never  oxidize ;  but 
retains  its  hight  surface  in  all  weathers, 
free  from  both  rust  and  tarnish. 

"Platinum,"  (a  white  metal,)  so  called  from  "plata,"  the  Spanish 
word  for  silver.  It  was  introduced  from  South  America  into  Eu"- 
land  by  Mr.  Wood.   (A.D.  1749.)  ° 

Q.  For  what  other  scientific  purpose  it 
Plati'ntjm  now  used? 

A.    For  the  construction  of  crucibles 

in  which  acids  are  to  be  employed ;  and 

for  the  formation  of  some  of  the  plates 

for  galvanic  batteries. 

Q.  WKy  are  cetjcibles  {in  which  acids  are 
employed)  made  of  plat'intjm  ? 

A.  Because  the  acid  would  act  upon 
other  metals,  or  upon  glass  ;  and  prevent 
the  experimenter's  success. 

Q.  Which  of  the  metals  have  the  greatest 
•  affinity  for  oxtgen  ? 

A.  Tliose  called  potas'sium  and 
'  sodium. 
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Potas'sium  and  so'diiim  derive  their  names  from  potash  and  jwida. 
Pot^Sthe  oxide  of  potas'siuni ;  andsodais  the  oxide  of  so'dium. 

Q.  Sow  is  tie  affinity  of  potas'sium  and 
to  Hum  for  oxygen  sliewn?         _        j-  ,  i 

A.  They  decompose  water  immediately 
they  are  brought  into  contact  with  it. 

Q      What  effect  has  potassium  on  water  ? 

A*.  It  decomposes  it.  The  hydrogen 
being  set  free,  combines  with  the  oxygen 
of  the  air,  and  is  ignited  by  the  latent 
heat  Hberated  from  the  potassium. 

N.B— Water  is  composed  of  oxygen  and  hydrogen;  Potassium 
ttparates  these  two  gases. 

Q.     Wliat  effect  has  sodium  on  water  ? 

A.  It  does  not  produce  jiame,  as 
potassium  does;  but  it  decomposes  water, 
and  undergoes  very  rapid  oxidation. 

Q     Is  the  ruEE  of  kettltss  an  oxide  ? 

A.  No;  the  furr  (or  deposit  _  of 
boiUng  water)  is  a  precipitate  of  lime 
and  mineral  salt,  separated  fi'om  water 
by  the  process  of  boihng. 

Q.     Is  not  the  fuee  of  hoiling  water  often 

DANGEEOtrS  ?  .777-7 

A.    Yes  ;  especially  m  tiibidar  boilers, 
such  as  those  employed  in  railways. 
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Q.  Why  is  PxriiE  especially  troublesome  tn 
EAILWAZ  engines  ? 

A.  ^  Because  it  is  a  had,  conductor  of 
heat :  in  consequence  of  which,  it  hinders 
the  process  of  evaporation ;  and  as  more 
fuel  is  required  to  produce  the  needful 
amount  of  steam,  a  great  waste  of  fuel 
is  incurred. 

Q.  Wliy  is  FUEB  especially  DAifGEEOua  in 
EAILWAY  enyines  ? 

A.  Because  the  boilers  are  likely  to 
become  over-hcated,  when  furris  deposited 
in  them,  as  the  water  is  no  longer  in 
immediate  contact  with  the  metaUtself: 
^\hen  this  is  the  case,  explosion  may 
occur  fj-om  the  sudden  generation  of 
^highly  elastic  steam. 

Q.  Why  are  eailwat  engines  never  fed  with 
IBEACKISU  water? 

A.  Because  hracJcish  water  contains 
much  mineral  matter;  which  causes  a 
♦large  deposit  of  furr. 

^ZJ^^,)."  ^.""'Tl'"^  from  kettles  by  boilm?  in  them  a  little  sal- 
^te^  wfth'^^T  ''''''''/^"^  hydrochloric  acid 

Si«t  comijoimds  Oiasolvc,  and  wash  awa. 
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CHAPTER  XIX. 


CARBONIC   ACID  GAS. 


Q.     What  is  cabbonic  acid  ffas  ? 
A.    A  gas  formed  by  the  union  of 
ca^^on  and  oxxj^m :   It  used  to  he  called 

*'  FIXED  AIR." 
3  lbs  of  carton  and  8  lbs.  of  oxygen  Tvill  form  11  lbs.  of  carbonic 
It  niav  be  obtained  and  collected  in  tbe  usual  way,  by 
Sins  a  mixture  ot  one  part  of  muriatic  acid,  and  10  of  water,  on 
pounded  marble  contained  in  a  retort. 

Q.  ZTiider  wJiat.  circumstance  does  cabboh 
most  readily  unite  loith  oxtgen  ? 

1st— When    its   temperature  is 
raised  :  Thus  if  carbon  be  red  hot,  oxygen 
will  most  readily  unite  with  it :  and 
2ndly — When  it  forms  part  of  the 

fluid  hlood. 

Q.  Why  do  oxygen  and  carlon  so  readily 
unite  in  the  blood  ?  ft. 

A     Because  the  atoms  of  carbon  are 
so  loosely  attracted  by  the  other  materials 
of  the  blood,  that  they  unite  very  readily 
with  the  oxygen  of  the  air  inhaled. 
Q.     Is  carbonic  acid  wholesome  ? 
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A.  No;  it  is  fatal  to  animal  life; 
and  (whenever  inhaled)  acts  like  a  nar- 
cotic  poison,  producing  ch-owsiness,  which 
sometimes  ends  in  death. 

•  J^:  J  ^'^^  ^^0^'  if  «  P^ace  le 

mjested  with  caebouic  acib  gas  ? 

A.  If  a  pit  or  well  contain  carbonic 
acid,  a  candle  (let  down  into  it)  will  be 
instantly  extinguished.  The  rule,  there- 
fore, is  this— Where  a  candle  will  burn 
&  man  can  live;  but  what  m\\  extinguish 
a  candle,  will  also  destroy  hfe. 

.  *X  ^  ^^^^^  «  CANDLE  to 

I  the  bottom  of  a  mine,  before  lie  descends  ? 

A  Because  a  candle  will  be  extm- 
igmshed,  if  the  mine  contain  carbonic 
i  acid  gas  :  but  if  the  candle  be  not  extin- 
^guished,  a  man  may  feaiiessly  descend 

rnf^'  A  T^'f  '^y  toell-sinJcers  often  let  down  lucJcets 
Wfresh-slaeked lime  in  wells,  before  they  descend? 

A.  Because  if  carbonic  acid  be  pre- 
?sent,  the  lime  will  absorb  it  to  form 
:carbonate  of  lime. 

•HEA^'-^cS'         '^  ^^^^^^^  «00M  produce 

A.    Because  its  air  is  vitiated  by  the 
laction  of  many  human  lungs.       ^  \  3 


268  CARBONIC  ACID. 

Q.     Why  is  the  air  of  a  room  vitiated  hy  a 
CEOWD?  .    .     -,      .     1    r  -i.  J 

A.  Because  it  is  deprived  ol  its  due 
proportion  of  oxygen,  and  laden  with 
carbonic  acid. 

Q.    How  is  theair  of  aroomvitiatedhyacrowd? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs :  A  part  of  the 
oxygen  is  converted  in  the  hlood  into 
carbonic  acid:  and  then  thrown  back 
again  with  the  breath  into  the  room. 

Q.     Why  are  sailors  occasionally  hilled  when 
tent  to  examine  the  well  of  a  ship  ?  ^ 

A.  Because  it  contains  carbonic  aciA, 
i5robably  given  off  from  some  part  of  the 
'^argo,  in  consequence  of  its  fermentation. 
This  'gas  remains  in  the  lowest  hollows 
of  the  hull,  in  consequence  of  its  great 
weight.  ^ 

O.  Mention  the  historical  circumstances,  80 
weM  Tcnoion  in  connection  with  the  BlaoK 
Hole"  of  Calcutta. 

A.    In  the  reign  of  George  ii.,  tiie 
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Piaja  (or  Prince)  of  Bengal  marcbed  sud- 
denly to  Calcutta,  to  drive  the  English 
from  the  country;  as  the  attack  was 
unexpected,  the  EngHsh  were  obhged 
to  submit,  and  146  persons  were  taken 
prisoners. 

The  Sur  Raja,  at  Dowlat;  a  young  man  of  violent  passions,  yrho 
had  but  just  succeeded  to  the  throne.   A.D.  1756. 

Q.     What  became  of  these  prisoners  ? 

A.  They  were  driven  into  a  place 
about  18  feet  square,  and  15  or  16  feet 
m  height,  with  only  two  small  grated 
windows.  123  died  in  one  night;  and 
(of  the  23  who  survived)  the  larger  por- 
tion died  of  putrid  fevers  after  they  were 
hberated. 

Q.  Why  were  123  persons  STrFFOCATED  in 
a  few  hours,  from  confinement  in  this  close  hot 
PiiisON-Ao/e  ? 

A.  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lungs,  and  its 
place  supplied  by  carbonic  acid,  exhaled 
with  the  hot  breath. 

Q.     Why  did  the  captives  in  the  Black 
iLoLE  die  sleeping? 

A.    1st — Because  the  absence  of  oxy- 

A&3 
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gen  quickly  affects  the  vital  functions, 
depresses  the  nervous  energies,  and 
produces  great  lassitude :  and 

2nc\\y—Carhonic  acid  (being  a  narcotic 
poison)  produces  droivsiness  in  those  who  , 
inhale  it,  before  it  kills  them.  i 

The  floor  of  the  Grotto  del  Cane,  in  Italy  (i.e.  Cavern  of  Do^)  i 
The  like  Avorno,  M  Vi^^l  ^^f-'^^  t°b^^^^^^ 

Q.     Whj  are  the  jungles  of  Jam  and  Ein- 
dosian  so  fatal  to  life  ?  7  • 

A  Because  vast  quantities  of  carbonic 
acid'sie  thrown  off  by  decaying  vegetables 
in  these  jungles ;  and  (as  the  wind  cannot 
penetrate  the  thick  brushwood,  to  blow 
the  pernicious  gas  away)  it  settles  there 
and  destroys  animal  life. 

,       i.v        ToiTo  is  (<overcd  mth  the  skeletons  or 
carbonic  acid  gas  whick  abounds  m  the  fatal  vallej. 

Q.     Why  do  persons  in  a  crowded  chueOH 

feel  DEOWSY  ? 

^  1st— Because  a  large  portion  ot 

the  oxygen  of  the  air,  which  alone  can 
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sustain  healthy  action,  has  heen  consu- 
med by  the  lungs  of  the  congregation ; 
and 

2ndly— The  air  of  the  church  is  im- 
pregnated with  carbonic  acid  gas,  which 
(being  a  strong  narcotic)  produces  drow- 
siness in  those  who  inhale  it. 

Q.  Why  do  persons,  wlo  are  much  in  the 
OPEN  AIB,  enjoy  the  lest  health  ? 

A.  Because  the  air  they  inhale  is 
•much  more  pure. 

Q.  Why  is  COTJNTET  Am  more  pure,  than 
the  air  in  cities  ? 

A.  ^  Ist — Because  there  are  fewer 
inhabitants  to  vitiate  the  air : 

Sndly — There  are  more  trees  to  restore 
the  pure  character  of  the  vitiated  air  :  and 

3rdly — The  fi-ee  circulation  of  air 
prevents  the  accumulation  of  vitiated 
products. 

^  For  the  same  reason,  running  streams  are  pure  and  -n-holesome 
whUe  stagnant  waters  are  the  contrary.  wuoiesome, 

Q.  Why  does  the  scantiness  of  a  country 
\  population  render  the  countut  aih  more  pure  f 

A.  Because  the  fewer  the  inhabitants, 
t  the  less  carbonic  acid  will  be  thrown  into 
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the  atmosphere;  and  thus  country  people 
inhale  pure  air,  instead  of  an:  impregna-  • 
ted  witli  carbonic  acid  gas. 

Q.     Why  do  trees  and  flowers  Jielp  to  make 
country  air  vrnouESO^^?  . 

^  1st— Because  they  ahsorh  the  car- 
Ionic  acid  generated  by  the  lungs  of 
animals,  putrid  substances,  and  other 
noxious  exhalations:  and 

2ndly— Trees  and  flowers  restore  to 
the  ah-  the  oxygen,  contamed  m  the 
carbonic  acid,  which  they  absorb. 

Q.  IVJmj  is  the  air  of  cities  less  wholesome 
than  OOVTSTRY  air  r 

^     1st— Because   there   ai^e  more 

inhabitants  to  vitiate  the  air: 

2^jly__The  sewers,  drains,  bins,  ana 

filth  of  a  city,  very  greatly  vitiate  the  air : 
3raiy— The  streets  and  alleys  prevent 

a  free  cnculation ;  and  x  v 

4thlY— There  are  fewer  trees  to  absorb 

the  excess  of  carbonic  acid  gas,  and 

restore  oxygen. 

D      Why  are  persons,  who  live  in  close  room 

and  crowded  cities,  generally  ^^c-sm. 

A.    Because  the  air  tliey  breathe  is 
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not  pure ;  but  is  both  defective  in  oxygen, 
and  also  impregnated  with  carbonic  acid. 

Q.  Wliere  does  the  carbonic  acid  of  close 
rooms  and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabi- 
tants, the  sewers,  drains,  and  other  like 
places,  in  which  organic  substances  are 
undergoing  decomposition. 

Q.  WTiat  BECOMES  of  the  carbonic  acid  of 
crowded  cities  ? 

A.  Some  of  it  is  absorbed  by  vegeta- 
bles ;  and  the  rest  is  blown  aivaij  by  the 
wind,  and  diffused  through  the  whole 
volume  of  the  air. 

Q.  Does  not  this  constant  diffusion  of  car- 
honic  acid  affect  the  pttritt  of  the  wnoLE  air  ? 

A.  No :  because  it  is  wafted  by  the 
wind  from  place  to  place,  and  absorbed 
in  its  passage  by  the  vegetable  world. 

Q.       W7iat  is  CHOKE  DAMP  ? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits  :  which  ren- 
ders them  noxious,  and  often  fatal  to  hfe. 

Q.  WTij/  is  not  this  carbonic  acid  taken  UP 
the  air  and  dieevshi),  as  it  is  in  cities  ? 
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A.  Because  it  cannot  rise  from  the 
well  or  pit,  in  consequence  of  being 
heavier  than  air  ;  and  no  wind  can  get 
to  it,  to  help  its  diffusion. 

74 J  atoms  of  carbonic  acid  weigli  as  much  as  100  lbs.  of  atmos- 
pheric uir.  _  -77  7  I 

Q.  Why  are  persons  sometimes  kdled,  by 
leaning  over  beer  vats  ? 

A .  Because  vats  (where  beer  has  been 
made)  contain  large  quantities  of  caf- 
honic  acid  gas,  produced  by  the  "  vinous 
fermentation  "  of  the  beer ;  and  when  a 
man  incautiously  leans  over  a  heer  vat, 
and  inhales  the  carbonic  acid,  he  is 
immediately  Icilled  thereby. 

Q,  Why  are  jyersons  often  killed,  who  enter 
BEEE  VATS  to  clean  them  ? 

A.  Because  carbonic  acid  (being  hea- 
vier than  atmospheric  air)  often  rests  upon 
the  hottom  of  a  vat :  when,  therefore,  a 
person  enters  it,  and  stooi^s  to  clean  the 
bottom,  he  inhales  the  pernicious  gas, 
which  kills  him. 

Q.  Why  are  j^ersons  sometimes  killed  by  having 
a  CHAKCOAL  FIRE  in  their  bed  rooms  ? 

A.  Because  the  carhon  of  burning 
charcoal  unites  with  the  oxygen  of  air, 
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and  forms  carbonic  acid  gas ;  whicli  is  a 
narcotic  poison. 

Q.  Ifcarlonic  acid  settles  at  tlie  bottom  of 
a  room,  how  can  it  injure  a  person  lting  upon  a 
BED,  raised  considerably  above  the  floor  ? 

A.  All  gases  diffuse  themselves  through 
each  other,  as  a  di'op  of  inh  would  diffuse 
itself  through  a  cup  of  water.  If,  there- 
f  TB,  a  person  slept  for  6  or  8  hours  in 
room  containing  carbonic  acid,  quite 
lough  of  tlie  gas  will  be  diffused  through- 
jut  the  room  to  produce  death. 

The  heat  of  the  fire  assists  the  process  of  diffusion. 

Q.    Wliat  are  the  chief  sources  of  caebonio 

ACID? 

A.  1st — The  breath  of  animals  : 
2ndly — The  decomposition  of  vegeta- 

ile  and  animal  matter :  and 
3rdly — Lime-stone,  chalk,  and  all  cal- 

areous  stones,  in  which  it  exists  in  a 

ijlid  form. 

Q.  From  which  of  these  sources  ts  carbonic 
ndmost  likely  to  accvmvJjAt::e  to  a  noxious  extent  ? 

A.  From  the  fermentation  and  putre- 
action  of  decayinf^j  vegetable  and  animal 
matters. 
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Q.     How  can  this  accumulation  of  carhonus 

acid  he  preve^tted?  ,       ,   t  ?•      •  . 

A.  By  throwing  fresh-slaked  lime  into 
places,  where  such  fermentation  and 
putrefaction  are  going  on. 

Q.  How  will  FUESH-sLi^KEi)  HME  prevent 
the  accumulation  of  carbonic  acid  ?  ^ 

A  By  ahsorhing  it;  and  producing  a 
combination  called  "  carbonate  of  hme. 

men  Ume  is  slaked,  all  its  cavbonic  acul  is  driven  off  by  th. 
heat ;  therefore,  it  is  free  to  combine  with  moie. 

Q.  Does  not  heavy  rain  prevent  the  accumur 
lation  of  carbonic  acid,  as  loell  as  quick-Ume  f 

A  Yes  ;  an  abundant  supply  of  ivatei 
will  prevent  the  accumulation  of  carbonic 
acid,  by  dissolving  it. 

N.B.-Ue<l  heat  (- a  pan  of  red-J.o^^^^^^^^  "L'^r^lS": 
Iron)  will  also  goon  disperse  the  caibomo  acia  gas 
pitorwoll.  , 

Q.  Wliat  effect  has  carbonic  acid  on  tM 
"WATEB,  in  which  it  is  dissolved? 

A.    It  renders  it  slightly  acid  to  the 

taste. 

Q.'  Can  tie  ciLPACiTT  of  water  for  dissolving 
carbonic  acid  be  increased  ?  x.  r 

A  Yes.  Carbonic  acid  may  be /orc^d 
into  water  by  p'cssure  to  a  considerable 
extent 
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Q.    How  much  carbonic  acid  gas  is  forced  into 

AERATED  WATERS  ? 

A.  About  fiye  times  their  own  volume. 

Q.  Which  0/  the  aerated  waters  is  the  most  com- 
nion  f 

A.  That  called  soda  water,  though  it 
very  rarelj  contains  any  soda. 

Q.    Of  ivhat  then  is  it  made  ? 

A.  Chalk  or  lime  and  sulphuric  acid 
added  to  water. 

Q.    What  effect  does  this  viixture  produce  ? 

A.  The  lime  and  acid  combine  into 
sulphate  of  lime,"  and  give  off  carbonic 
acid  as  a  gas. 

Q.    What  effect  has  this  gas  on  the  water  ? 

A.  It  makes  it  sparkle,  and  gives  it  a 
pungent  acid  flavour. 

A.  Because  much  of  the  imprisoned 
?as  flies  out,  and  in  so  doing  pushes  into 
nubbles  the  water  which  obstructs  its 
)assage. 

^0  cork  w  suffered  to  Jig  out  suddenLg  ? 


a  • 


278  CABBONIC  ACID. 

A  It  is  partly  due  to  water  driven  out 
of  the  bottle  by  the  escaping  gas,  and 
partly  to  the  sudden  expansion  ot  tHe 
imprisoned  air. 

Q.    How  does  the  sudden  expansion  of  the  rm- 
prisoned  air  contribute  to  this  effect? 

A  When  air  expands,  its  temperature 
declines,  and  can  no  longer  hold  sus- 
pended the  same  quantity  of  vapour. il 
did  before. 

Q.    What  becomes  of  it  f 

A.  It  is  given  off,  just  as  rain  is,  when 
the  atmosphere  is  saturated  and  its  tern- 
perature  falls. 

0     What  produces  the  carbonic  acid  gas  of  gitx- 

GEE  BEKR,  BOTTLED  POETER,  and  SPARKLING  WINES  ? 

A  The  vinous  fermentation  which 
goes  on  after  they  are  bottled  and  corked 

down.  ^  . 

Q.    Why  is  there  less  froth  in  draught  than  tn 

BOTTLED  ALE  ?  i       •         ' A 

A  Because  some  of  its  carbonic  acid 
gas  escapes  every  time  the  ale  is  drawn. 

Q.  Why  does  the  effervescence  of  porter  last 
longer  than  that  of  water  and  wiiu  ? 
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A.  Because  porter  being  more  sticky 
and  thick,  the  bubbles  of  its  froth  do  not 
break  so  soon. 

Q.  Why  does  fresh  sphing  water  spabkle, 
xchen  poured  frojn  one  vessel  to  another? 

A.  Because  fresh  spring  and  pump 
water  contain  carbonic  acid :  and  the  pre- 
sence of  this  gas  makes  the  water  sparkle. 

Much  of  the  froth  and  bubbling  of  ale,  beer,  water,  &o.,  whea 
V  are  "poured  high,"  is  due  to  common  uir  imprisoned  by  the 
.on  of  dropping  water. 

Q.    What  is  the  fermentation  of  beer  and 

i  WINE  ? 

A.  The  escape  of  carbonic  acid,  pro- 
duced by  the  change  of  sugar  into  alcohol. 
IT  Q.    What  is  Ai'coHor.  ? 

A.  The  spirit  of  beer  and  wine  ob- 
Ltained  by  fermentation. 

Q.    Of  what  elements  is  alcohol  composed  ? 

A.  Of  carbon,  oxygen,  and  hydrogen. 

Of  Alcohol,  4  parts  are  carbon;  2  oxygen;  and  6  hydrogen. 
Q.    What  are  the  elements  of  grape  sugar  ? 

_  A.  Carbon,  oxygen,  and  hydrogen,  all 
iin  equal  proportions. 

Q.    What  CHANGES  does  sugar  undergo  by  fer- 

tlUENTATION  ? 

A.  It  is  first  decomposed;  and  then 
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its  elements  re-unite  in  different  propor- 
tions ;  producing  al'cohol,  carbonic  acid, 
and  water. 

Of  svoAR,  one  portion  is  alcohol;  and  another  carbonic  acid:  as 
may  be  seen  by  the  following  taWe:-  ^^^^^^    ^^^^  ^^^^ 

Every  atom  of  anhydrous  sugar  contains        12       12  12 

Two  atoms  of  alcohol  contain 
Four  atoms  of  carbonic  acid  contain 


8 

4 

12 

4 

8 

0 

12 

12 

13 

N.B.— "  Anhydrous  sugar  "  is  sugar  dried  at  300o. 

Q.  Sow  does  stjoab  form  al'cohol  hy 
fermentation  ? 

A.  Tioo-tliirds  of  its  carbon  and  one- 
third  of  its  oxygen  re-unite  with  the 
hydrogen,  and  generate  al'cohol. 

Q.  Sow  does  sugab  form  carbonic  acid  hy 
fermentation? 

A.  The  remaining  one-third  of  its 
carbon  and  two-thirds  of  its  oxygen 
re-unite,  and  generate  carbonic  acid 

Q.  What  BECOMES  of  the  al'cohol,  which  it 
thus  generated  hy  fermentation  ? 

A.  It  mixes  with  the  water,  and  forms 
the  intoxicating  part  of  beer  and  mne. 

Q.  What  is  the  most  common  reason  for  heer, 
wine,  and  other  fermented  liguors  turning  sovrf 
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A.  Air  gets  to  them,  and  its  oxygen 
acidifies  the  alcohol,  turning  it  into 
vmegar. 

Sugar  passes  at  once  into  Tinegar,  -when  it  is  fermented  in  the 
open  air. 

Q,     Why  is  BABLnr  malted  ? 

A.  Because  germination  is  produced 
by  the  artificial  heat;  and  in  germina- 
tion, the  starch  of  the  grain  is  converted 

into  sugar. 

Q.     How  is  'barley  malted? 

A.  It  is  moistened  with  water,  and 
heaped  up  ;  by  which  means,  great  heat  is 
produced,  which  makes  the  harleij  sprout. 

See  "  spontaneous  combustion,"  p.  57. 

Q.  Why  is  not  the  barley  suffered  to  geo-w 
as  well  as  speotjt  ? 

A.  Because  plants  in  the  germ  con- 
tain more  sugar  than  in  any  other  state ; 
as  soon  as  the  germ  puts  forth  shoots, 
the  sugar  of  the  plant  is  consumed  to 
support  the  shoot. 

Q.  Sow  is  barley  peetekted  from  shoot- 
rao,  in  the  process  of  malting  ? 

A.  It  is  put  into  a  hiln,  as  soon  as  it 
grouts ;  and  the  heat  of  the  kiln  checks 
or  destroys  the  young  shoot.  ,a8 
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Q.     WJiat  is  TEAST  ? 

A.    The  foam  of  beer  (or  of  some 
simiiar  liquor)  produced  by  fermentation. 
Q.     Whi/  is  TEAST  used  in  bbewing  ? 

A.    Because  it  consists  of  a  substance  ^ 
called  gluten,  undergoing  putrefaction; 
in  which  state  it  possesses  the  pecuhar 
property  of  exciting  fermentation. 

If  the  gluten  were  not  in  a  putrefying  state,  it  could  not  produce 
fermentation. 

Q.     What  is  gluten  ? 

A.  A  tough  elastic  substance,  com- 
posed  of  carbon,  oxygen,  hydrogen,  and 
nitrogen. 

It  is  the  presence  of  nitrogen  which  gives  yeast  the  power  t« 
excite  fermentation. 

Q      Does  MALT  contain  glu'ten  ? 

a!  Yes.  The  infusion  of  malt,  called 
«  sweet-wort,"  contains  an  abundance  oi 
du'ten ;  and  the  yeast  (which  converts 
its  sugar  into  alcohol)  converts  this  gluten 

into  yeast. 

Q.  Will/  is  TEAST  needful,  in  order  to  make 
the  infusion  of  malt  into  ■Q^y.^'^ 

A  Because  the  presence  ot  a  putre- 
fying body  containing  nitrogen  is  essen- 
tial in  order  to  convert  sugai'  mto  alcohoL 
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Q.  What  BFFEOT  has  yeast  upon  the  sweet- 
wort  ? 

A.  It  causes  the  sugar  of  the  wort 
to  be  converted  into  al'cohol  and  carbonic 
acid  ;  and  its  gluten  into  yeast. 

Q.     What  change  is  produced  in  gluten  hy 

PUTEEFACTION  ? 

A.  Its  elements  are  loosened  from 
their  former  conditions  of  combination, 
and  re-arraDged  (with  the  addition  of 
oxygen  from  the  air)  into  a  new  series. 

Q.  What  is  the  difference  between  rEEMEN- 
TATioir  and  puteefaction  ? 

A.  Fermentation  is  a  change 
effected  in  the  elements  of  a  body  com- 
posed of  carbon,  oxygen,  and  hydrogen, 
without  nitrogen.  Putrefaction  is  a 
change  effected  in  the  elements  of  a 
body  composed  of  carbon,  oxygen,  hy- 
drogen, and  nitrogen. 

Q.     WTiaf  new  compotods  are  produced  ly 
the  change  called  fermentation  ? 

A.  Alcohol  and  carbonic  acid. — The 
alcohol  is  still  further  changed  (unless 
the  process  be  checked^  into  ace' tic  acid 
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0      What  new  compounds  are  produced  h, 
tlecUnge  called  PTTXKErACXio^  ? 

A  The  carbon,  oxygen  hydrogen, 
and  nitro-en,  of  the  origmal  substance 
ancl  niuOo«i^»  decomposition)  re- 

(bemg  separated  by  decomp  ^ 

unite  in  the  &  W^^^^^^  ^ciL 

laU^A  Hydrogen  and  nitrogen  unite 
to  form  ammonia. 

Q  What^^cou^oftlieseseveravj. 

"■^rtty'are  all  elastic  bodies,  and 
escape  into  the  air.  ^5<,a,i„u..ndfj«eou^ 

offensive  odours. 

BlLYEtt  SPOON? 
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A.  Because  they  contain  a  small 
portion  of  sulphur,  which  unites  with  the 
silver,  and  tarnishes  it  as  soon  as  it  is 
moistened  with  saliva. 

Both  the  white  and  yolk  contain  sulphur— the  latter  more  ahun- 
danlly.  The  tarnish  is  a  sulphuret  of  silver,  and  may  he  easEy 
removed  by  rubbing  with  hartshorn  or  table  salt. 

Q  WTiat  causes  the  qfensive  smell  of  stalh 
hard  boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  com- 
bining with  its  sulphur  and  phosphorus^ 
form  sulphuretted  and  phosphuretted  hy- 
drogen; both  of  which  gases  have  an 
offensive  odour. 

Of  an  egg  55  parts  are  carbon,  16  nitrogen,  7  hydrogen,  and  the 
remaming  22  are  oxygen,  phosphorus,  and  sulphur, 

Q.  _  Whi/  is  it  NOT  needful  to  put  yeast  into 
QnA.VE  juice,  in  order  to  produce  fermentation  ? 

k..  Because  grape  juice  contains  a 
suflBcient  quantity  of  a  nitrogenized 
substance  like  yeast,  to  produce  fermen- 
tation without  it. 

Nitrogenized,  i.e.  containing  nitrogen. 

Q.  Why  do  not  q-ra:pes  ferment,  while  then 
hanj  on  the  tine  ? 

A.  Because  the  water  of  the  juice 
evaporates  through  the  skin,  and  allows 
the  grapes  to  shrivel  and  dry  up,  after 
they  are  ripe. 
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Fermentation  cannot  occur  iinless  the  sugar  be  dissolved  in  » 
sufficient  quantity  oluater. 

Q.  JVJiai  is  the  teoth  or  sctjm  of  fermented 
liquors  ? 

A.  Putrefying  glutinous  substances 
(resembling  yeast),  which  rise  to  the 
surface  from  their  lightness. 

Q.  Why  is  leer  plat,  if  the  cask  le  left 
open  too  long  ? 

A.  Because  too  much  of  the  carbonic 
acid  gas,  (iDroduced  by  fermentation)  is 
suffered  to  escape. 

Q.  Why  are  beer  and  porter  made  stale  ly 
"being  exposed  to  the  aie  ? 

A.  Because  too  much  of  the  carhonic 
acid  gas,  (produced  by  fermentation)  is 

suffered  to  escape. 

Q.  "PFhy  does  beer  twn  tlat,  if  the  tent 
PEG  be  left  out  of  the  tub  ? 

A.  Because  the  carhonic  acid  gas 
escapes  through  the  vent  hole. 

Q.  "Why  will  NOT  beer  run  out  of  a  tub,  till 
the  TENT  PE&  is  tahen  out? 

A.  Because  the  upward  pressure  of 
the  external  air  (admitted  through  the 
tap)  holds  the  hquor  back,— not  being 
counterbalanced  by  any  pressure  of  air 
on  the  surface  of  the  hquid. 
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The  upward  pressure  of  air  may  be  illustrated  by  the  follotvinR 
«imple  expenmeut :— Fill  a  wine  glass  with  water  ;  cover  the  top 
of  the  glass  with  a  piece  of  writing  paper ;  turn  the  glass  upside 
down,  and  the  water  will  not  run  out.  The  paper  is  used  merely 
to  give  the  air  a  medium  sulficiently  dense  to  act  against. 

Q.  TFTiy  does  the  heer  run  feeelx,  imme- 
diately the  TENT  PEG  is  taken  out? 

A.  Because  air  rushes  immediately 
throiigh  the  vent  hole  at  the  top  of  the  tub, 
to  counterbalance  the  au-  admitted  by 
the  tap;  in  consequence  of  which  the 
hquid  escapes  by  its  own  weight. 

Q.  W7tj/  does  liquor  flow  reluctantly  out  of 
a  BOTTLE  held  upside  down  ? 

A.  ^  Because  the  upward  pressure  of 
the  air,  interferes  with  its  free  escape 
from  the  narrow  mouth  of  the  bottle, 

Q.  TFhy  should  a  iottle  he  held  OBLIqtjelt, 
in  order  to  be  emptied  of  its  liquor  ? 

A.  Because  the  hquor  will  then  run 
out  by  the  under  portion  of  the  neck,  and 
allow  the  au-  to  flow  in  by  the  upper  part 
to  counterbalance  the  upward  pressure. 

Q.  JVhy  does  loine  {poured  from  a  Iottle 
QTncKXT)  spirt  about,  without  going  into  the 
decanter  ? 

A.  Because  it  fills  the  top  of  the 
decanter  (hke  a  cork),  and  leaves  no  room 
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for  the  air  inside  to  escape ;  the  decanter, 
therefore,  (being  full  of  air)  refuses  to 
admit  the  wine. 

Q.     Whji/  does  tTie  effertesoencb  of  soda 
water  and  ginger-beer  very  soon  go  off  ? 

A.  Because  the  carbonic  acid,  (which 
produced  the  effervescence)  very  rapidly 
escapes  into  the  air. 

Q.      Why  is  hailed  ivater  elat  and  insipid? 

A.  Because  the  whole  of  the  carbonic 
acid  is  expelled  by  boiling,  and  escapes 
into  the  air. 

Q.     Why  does  teast  mahe  bread  light  ? 

A.  Because  it  produces  a  species  of 
fermentation  on  the  starch  and  glu'ten 
of  flour,  as  it  does  in  the  sugar  of  malt. 

Q.  How  does  eermenta-tiok  make  the- 
dough  eise  ? 

A.  During  fermentation,  carbonic 
acid  gas  is  evolved;  but  the  sticky  tex- 
ture of  the  dough  will  not  allow  it  to 
escape ;  so  it  forces  vp  little  bladders  all 
thi-ough  the  dough. 

Q.     Why  is  dougk  placed  before  afire  ? 

A.  1st — Because  the  heat  of  the  fire 
increases  fermentation;  and 
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Sndly— It  expands  the  gas  confined  in 
the  little  bladders;  in  consequence  of 
which,  the  bubbles  are  enlarged,  and  the 
dough  becomes  hghter  and  more  porous. 

Q.  Why  is  bread  heavy  if  the  dough  he 
removed  from  the  fire?  ^ 

A.  _  Because  the  dough  gets  cold,  and 
the  au-  m  the  bladders  condenses:  In 
consequence  of  which,  the  paste  falls,— 
and  the  bread  becomes  close  and  heavy. 

Q.  Why  is  wheaten  bread  more  ■svTniTiofja 
■nan  that  made  from  any  other  ^rain  ? 

A.    Because  wheat   contains  more 
-gluten  than  other  grains,  on  which  its 
mtntive  quahty  depends. 

Good  wheat  flour  contains  about  25  per  cent,  of  gluten. 
What  causes  the  heat  of  Jive  ? 

A.  The  heated  carbon  of  fuel  com- 
ims  with  oxygen  from  the  air,  and 
reduces  carlonk  acid  gas,  by  which 
liemical  action  heat  is  evolved. 

Q.     What  causes  the  heat  of  animal  bodies  ? 

A.  ihe  carbon  of  the  Hood  combines 
ith  oxygen  from  the  air  inhaled,  and 
reduces  carlonic  acid  gas :  which  evolves 
eat  m  a  way  similar  to  burning  fuel. 
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Q.     Whence  does  the  heat  of  a  dtjkghtll 

A.    The  straw,  &c.,  of  the  dunghill, 
undergoes  fermentation  from  decay,  and  i 
produces  carbonic  acid  gas ;  from  which 
heat  is  evolved  by  a  species  of  combus- 
tion, as  in  the  two  former  cases. 

Q.     JEow  does  the  formation  of  OAEBONIO 
ACID  (in  all  these  cases)  produce  heat  ? 

A.  Carbonic  acid  has  less  power  of 
holdmg  latent  heat,  than  carbon  and  oxy- 
gen have:  when,  therefore,  these  ele- 
ments are  changed  into  carbonic  acid, 
latent  heat  is  given  off,  and  made  sensible^ 

Q  Why  do  persons  throw  lime  into  birm 
and  seioers,  to  peevent  their  ojensive  smell  Ml 
summer  time  ?  •  •  1 

A.  Because  they  contain  _  vanou^j 
gases,  which  readily  combine  with  limef 
and  neutralize  their  offensive  odours.  4 

Q.     Why  should  WATEfi  (used  for  washing) 
he  exposed  to  the  air? 

A.  Because  it  is  made  softer  by  exp(| 
sure  to  the  air.  ^ 

Most  Rpring  ^ater  holds  lime  in  solution  as  a 
seJuenccJ^of  the  pxesence  of  '^buntnt  car^^^^^^^^^^ 
escapes  bj-  exposure  to  air-aucl  the  l""^  i^.  conse^^^  ^ 
ns  a  carbonate.   The  bicarbonate  of  Ume  conta.-\  ,wr  » 
eui'-..>uc  acid  as  thp  csjbouate. 
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Q.  Wliy  is  hard  -wateb  made  soptee  by 
exposure  to  air  ? 

A.  1st — Because  the  mineral  salts 
:  which  cause  its  hai'dness)  subside  ;  and 

Sndly — Because  the  carbonic  acid  of 
.le  water  makes  its  escape  into  the  air. 

Q.    How  is  the  carbonic  acid  of  water  produced  ? 

A.  ^  By  the  presence  of  what  is  called 
e  bicai'bonate  of  lime,  which  is  fre- 
[uently  held  in  solution  by  hai'd  water. 

Bicarbonate  of  lime  is  a  salt,  composed  of  lime  and  carbonic  acid. 

Q.  Why  is  HAKD  WATEB  TTwre  agreeable  to 
EiNK,  than  soft  loater? 

k.  Chiefly  because  it  contains  car- 
'Ouic  acid. 

Q.  Wliy  is  water,  eeesh^^^-oto  the  pimp,  more 
['AEKXLNG,  than  after  it  has  been  drawn  some  time  f 

A.  Because  water  fresh  from  the 
nmp  contains  cai'bonic  acid,  which  soon 

apes  into  the  au',  and  leaves  the  water 
at  and  stale. 

Q.     Why  is  QTJICK-LIME  formed  by  subjecting 
"dk  and  limestone  to  intense  heat  in  a  hiln  ? 

A.  Because  the  carbonic  acid  (which 
udered  it  mild)  is  diiven  off  by  the 
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heat  of  the  kiln :  and  the  lime  hecomei 
quick  or  caustic. 

Chalk  and  lime-stone  are  not  burnt,  but  calcined  ty  the  hent  * 
the  kiln. 

Q.     What  is  moet  ar  ? 
A.    Lime  mixed  with  sand  and  water. 
Q.     WTiat  is  the  difference  between  quick- 
lime and  SLACEED-'LIMK  ? 

A.  Slacked-Hme  is  quick-lime  t» 
which  water  has  been  added. 

When  quick-lime  is  slacke  d,  hy  the  addition  of  water,  great  heat 
b  pven  out ;  the  latent  heat  of  the  fluid  water  being  made  senaible 
■when  it  becomes  solid  by  uni  ting  with  the  lime. 

Q.  Why  does  moetab  become  haed,  after 
a  few  days? 

A.    Because  the  lime  re-imhihes  from 

the  air  the  carbonic  acid  which  had  been 

expelled  hy  fire ;  and  the  loose  powder 

again  becomes  as  hard  as  the  original 

lime-stone. 

Q.     JExplamim.  lohat  way  ■m.outxb.  is  adhesive. 

A.  When  the  carbonic  acid  is  expel- 
led, the  hard  lime-stone  is  converted  mto- 
a  loose  powder,  which  (being  mixed  with 
sand  and  water)  becomes  a  soft  and  sticl^ 
plaster;  but,  as  soon  as  it  is  placed 
between  bricks  it  re-imhihes  carbonic  acid, 
and  hardens  ir  to  lime-stone  again. 
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CHAPTEE  XX. 


CARBURETTED  HYDROGEN  GAS. 


Q.       TPJiat  is  CHOKE-DAMP  ? 

A.    Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits.   It  is  called 
CHOKE  damp,  because  it  chokes  (or  suffo- 
cates) evenj   animal  that  attempts  to 
\inhale  it.    (See  p.  266.) 

Q.     WTiaf  is  marsTi-gas  or  piee-damp  ? 
A.    Carburetted  lujdrogen  gas  accumu- 
lated on  marshes,  in  stagnant  waters, 
sand  coal  pits;   it  is  frequently  caled 
*"  inflammable  air." 

Q.       VFTiat  is  CABBTJBETTED  HTDUOGEN  GAS  ? 

A.  Carbon  chemically  combined  with 
ihydrogen. 

Q.    How  may  oaebueetted  htdeogen  gas 
oe  PE0CT7BED  091  marshes  ? 

A.    By  stirrmg  the  mud  at  the  bottom 
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of  any  stagnant  pool,  and  collecting  the 
gas  (as  it  escapes  upwards)  in  an  mver- 
ted  glass  vessel. 

Q.      What  is  OOAL  &A8? 

A.  Carhuretted  hydrogen,  extracted 
from  coals  by  the  heat  oi  fire. 

Q.  Why  is  carhuretted  hydrogen  gas  called 
riEE-DAMP,  or  inflammahle  air? 

A.  Because  it  very  readily  explodes, 
when  a  hght  is  introduced  to  it. 

Provided  atmospheric  air  be  present. 

Q,  Why  is  carhuretted  hydrogen  gas  fre- 
quently called  MAESH  GAS?  . 

A.  Because  it  is  generated  m 
meadowz  and  marshes  from  putrefymg 
vegetable  substances. 

See  ignis  fatuus,  298, 

Q.     What  gas  is  evolved  hy  the  wick  of  a 

CANDIiE  ?       ,    _     _  qru^ 

A  Carhuretted  hydrogen  gas:  iiie 
carbon  and  hydrogen  of  the  tallow  combine 
into  a  gas  from  the  heat  of  the  flame; 
and  this  gas  is  cM  carhuretted  hydrogen. 

Q.     Why  does  the  air  in  coal-mines  fre- 

guenUy  ^^^^^^^       carhuretted  hydrogen 
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gas  (generated  in  these  mines  by  the 
coals)  having  mixed  with  common  air, 
explodes,  when  a  light  is  incautiously 
introduced. 

Q.  How  can  miners  see  in  coal-pits,  if  they 
may  never  introduce  a  light  ? 

A.  Sir  Humphrey  Davy  invented  a 
lantern  for  the  use  of  miners,  called 
*' the  Safety  Lamp which  may  be  used 
without  danger. 

Q.     Who  was  Sir  Humphrey  Davy  f 

A.  A  very  celebrated  chemist,  bom 
in  Cornwall,  1778  :  he  died  in  1829. 

Q.     What  sort  of  thing  is  the  safety  lamp  ? 

A.  A  kind  of  lantern,  covered  ivith  a 
fine  icire  gauze,  instead  of  glass  or  horn. 

Q.  How  does  this  fine  wibe  gauze  prevent 
explosion  in  a  coal  mine  1 

A.  By  killing  the  flames  inside  the 
amp,  and  thus  preventing  their  trans- 
iiission  to  the  inflammable  gas  of  the 
nine. 

-B  — The  intersaces  of  the  wire  gauze  must  not  be  fewer  than 
"J  to  a  square  inch. 

Q.    Why  will  not  flame  pass  thbough  very 
ine  wire  gauze  ? 

A.   Because  the  wire-gauze  is  a  very 
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rapid  conductor  of  lieat ;  and  wlien  tlie 
flaming  gas  burning  in  the  lamp  reaches 
it,  so  much  heat  is  drawn  off  that  the 
flame  is  extinguished;  and,  consequently, 
it  cannot  ignite  the  explosive  gas  of  the 
mine. 

<5ir  TTumnhrov  Daw  says:  ""Wien  two  vessels  filled  with  a 
explosive  Surclre  eoiinected  .vith  a  narrow  tube,  i  the 
5^ntents  of  one  vessel  are  fired,  the  fiame  wiU  not  communicate  to 
other  vessell  for  the  fiame  being  extinguished  by  coobng,  its 
transmission  is  rendered  impossible." 

Q.  Does  the  gas  of  a  coal-pit  get  theotjgh 
the  wire-gauze  into  the  lantern  ? 

A.  Yes:  and  the  inflammable  gas 
ignites,  and  burns  inside  the  lamp  :  but 
no  danger  arises,  so  long  as  the  wire- 
gauze  does  not  become  very  much  heated. 

Q.  How  can  the  miner  tell  when  tJie  moment 
of  DANGEB  has  anived  ? 

A.  By  observing  when  the  wire- 
gauze  becomes  red-hot ;  danger  is  then 
present :  for  should  the  heat  rise  higher 
the  flame  would  pass  and  produce  ai 
explosion,  because  the  wire  would  be  no 
longer  able  to  cool  it. 

-R    When  the  carburetted  hydrogen  gas  explodes  from  « 
thus  produced. 
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PHOSPHITRETTBD 
HYDROGEN  GAS. 

Q.  From  what  4o  tie  very  offeitsitb  tev 
TLxnix  of  DEAD  BODIES  in  church-yards  arise? 

A.  i^rom  a  gas  called  phosphuret- 
TED  hydrogen:  which  is  phosphorus 
combined  with  hydrogen  gas 

mJch  t^^r/offen^^ru^-^  sulphuretted  hydrogen  contribute. 
Q.      What  is  PHOSPHOEFS  ? 

A.  A  pale  amber-coloured  substance, 
iresemblmg  wax  in  appearance.  The 
^word  IS  derived  from  two  Greek  words 

;r^ttp«T  "  '"'"^  ""^^ 

Q.     Sow  is  PHOSPHORUS  oltainedf 
A.  heating  bones  to  a  white 

heat  :    by  ^  which  means,   the  animal 
matter  and  charcoal  are  consumed,  and 
a  substance  called    phosphate  of  Ime: 
as  left  behind.  ' 

Q.      What  is  the  PHOSPHATE  OP  MmI!  !» 

A.    iheprmcipal  constituent  of  bones. 
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It  is  a  compound  of  phosphorus,  oxygen, 
and  lime  ^^^^^^^^^ 

Phosphorus  tmd  oxygen  in  com  ^-.^ptt-tr 

^T'oTplLpborus ;  and  above  250 
thousand  lbs.  are  used  every  year  m 
London  alone,  merely  for  the  manufac- 
ture of  lucifer  matches. 

O     Why  do  lucifer  matches  so  read^ly  ^gn^tef 

SLe  fr  friction  will  ratee  its  temper- 
dnough  to  kindle  .t  ^Bto  flame 

A.  ThislumM-ra^^^^^ 
:Xi«!.k«!,.ta«c.s;espemllyfiom 

Q.  ■  Why  air^  tl^ 
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A.  Because  phosphoric  hydrogen  is 
so  veiy  volatile,  that  it  generally  escapes 
mto  the  air  in  a  thinly  diffused  state. 

.JL^^T^^?"""^^.^^  of  Ume,  and  the  beak  of  th« 

retort  placed  under  water,  bubbles  of  phosphwetted  hycWen\riU 
nse  successively  through  the  water,  and  (on  reachbig  the  furf^Zf 
burst  into  flame.  It  is  the  singular  property  of  tSf  ga^f  to  miti 
spontaneously  m  au-  when  it  has  been  produced  by  the  aftion  of  tail 
or  potassa  on  water ;  when  the  gas  is  procured  directly  from^tvi-atel 
phosphorus,  It  does  notignitespontaneously,becauseitisZ.re?^e!^ 

Q.     Why  does  an  ignis  fafuus,  or  Will  o'the 
yvisp,  FIT  from  us  when  toe  ettn  to  meet  it  ? 
^  A.    Because  we  produce  a  current  of 
air  in  front  of  ourselves,  (when  we  run 
towards  the  ignis  fatuus)  which  drives 
the  hght  gas  forwards. 

Q.     Why  does  an  ignis  fatuus  rtm  aptee  us 
when  we  flee  from  it  in  a  fright  ?  ' 

_  A.  Because  we  produce  a  current  of 
air  m  the  way  we  run,  which  attracts  the 
hght  gas  in  the  same  course ;  drawing  it 
after  us,  as  we  run  away  irom  it. 

Q.     Is  not  a  Und  of  Jack  d Lantern  some- 
times produced  ly  insects? 

A.    Yes ;  swarms  of  luminous  insects 
passing  over  a  meadow,  sometimes  pro- 
duce  an  appearance  similar  to  the  ignis 
I  fatuus.  ^ 
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0  May  not  many  ghobt  stcmes  Uve  arisen 
from  some  ignis fatum  ImJcing  about  Myards? 
^  1  Perhaps  all  the  ghost  stories 
(worihy  of  any  credit  at  all)  have  ansen 
from  the  ignited  gas  of  chnrchyards- 
lurking  about  the  tombs :  to  which  fear 
has  added  its  own  creations. 

CHAPTER  XXII. 

WIND. 

Q.     What  is  wind  ? 

A.    Wind  is  air  in  motion. 

q'     What  PUTS  the  air  in  motion,  so  as  to 

^T'Th"  principal  causes  are  vaxia. 

succession  of  day  and  night,  and  of 

summer  and  winter. 

O      What  effect  has  heat  upon  the  air  T 
A.    ne^t  rarefies  the  aor,  und  causes 

it  to  expand.  , 
Q.     Ecu,  do  you  ^ow  that  heat  causes  the 

air  to  EXPAND  ? 
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I  A.    If  a  bladder  half  full  of  air  (tied 

1  tight  round  the  neck)  be  laid  before  a 

I  are,  the  air  will  expand  by  the  heat,  and 

I  fill  the  bladder. 

i  Q.     What  effect  is  produced  upon  air  hy 

EABEFACTION  ? 

A.  It  is  made  lighter,  and  ascends 
ihrough  colder  strata ;  as  a  cork  (put  at 
the  bottom  of  a  basin  of  water)  rises  to 
ike  surface. 

Q.     Prove  that  rarefied  air  ascends. 

A.  When  a  boy  sets  fire  to  the  cotton 
or  sponge  of  his  balloon,  the  flame  heats 
the  air ;  which  becomes  so  light,  that  it 
ascends,  and  carries  the  balloon  with  it. 

Q.    WTiat  effect  is  produced  upon  aie  hy  cotiD  ? 

A.  It  is  condensed,  or  squeezed  into 
%  smaller  compass;  in  consequence  of 
which,  it  becomes  heavier,  and  descends 
towards  the  ground. 

Q.     Prove  that  air  is  condensed  hy  cold. 

A.    Lay  a  bladder  half  full  of  air  before 
a  fire,  till  it  has  become  fully  inflated ;  if 
it  be  now  removed  from  the  fire,  the 
!  bladder  will  collapse  again,  because  the 
I  air  condenses  into  its  former  bulk. 
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Q.     TfJiat  is  meant  ly  the  lladder  "  collap- 
sing?" .  .  , 
A.    The    skin    becoming  wnnlded, 

shrivelled,  and  flahhy ;  because  there  is 
not  sufficient  air  inside  to  fill  it. 

Q.     JSoio  do  you  know  tJiat  condensed  air 

will  DESCEND? 

A.  Because  a  fire  balloon  falls  to  the 
earth,  so  soon  as  the  spnit  in  the  cotton 
is  burnt  out,  and  the  air  of  the  balloon 
has  become  cold  again. 

Q.     Does  the  sim  heat  the  AIB,  as  it  does  the 

EAUTH?  TIM 

A.  No :  the  air  is  not  heated  by  the 
rays  of  the  sun ;  because  an  (hke  water) 
is  a  very  had  conductor. 

Q.       Sow  is  AIE  HEATED  ? 

A.  By  convection,  thus: — The  sun 
heats  the  earth,  and  the  eai'th  heats  tlu 
air  resting  upon  it ;  this  hot  ah  rises,  and 
is  succeeded  by  colder  air,  which  is  heated 
in  a  similar  way;  till  the  whole  volume 
is  warmed  by  these  "  convective  currents. 

Q.  What  is  meant  ly  "  contective  cxjb- 
■RVi^Ta"  of  hot  air  ?  . 

A.    Streams  of  air,  heated  by  the 
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earth,  which  rise  upwards  and  carry  heat 
icith  them.    {See  p.  252.) 

Q.  Is  tJie  air  in  a  eoom  in  perpetual  motion, 
IS  the  air  abeoad  is  ? 

A.  Yes ;  there  are  always  two  currents 
of  air  in  any  room  we  occupy:  one  of 
I  lot  air  flowing  out  of  the  room,  and 
another  of  cold  air  flowing  into  the  room. 

Q.  Sow  do  you  know,  tliat  tTiere  are  tliese 
ir^o  currents  of  air  in  every  occupied  room  ? 

A.    If  I  hold  a  hghted  caudle  near 
the  top  of  the  door,  the  flame  will  be 
blown  outwards  (towards  the  hall) ;  but  if 
I  hold  the  candle  at  the  bottom  of  the 
idoor,  the  flame  will  be  blown  inwards 
i  (into  the  room.) 

N.B. — TMs  is  not  the  case  -when  a  fire  is  in  the  room.  When  a 
)  fire  is  lighted,  an  inward  current  is  drawn  through  all  the  crevices. 

Q.  Why  loould  the  flame  be  hloion  oxttwaeds 
I  (toivards  the  haIil),  if  a  candle  ie  held  at  the  top 
{ofthe  door? 

A.  Because  the  air  of  the  room,  being 
1  heated,  &c.,  ascends;  and  (floating  about 
I  the  upper  part  of  the  room)  escapes 
i  through  the  crevice  at  the  top  of  the  door, 
I  producing  a  cmTent  of  air  from  the  room 
tinto  the  hall  „„o 
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Q,  Why  would  the  flame  he  blown  nrwAEDa 
(into  the  boom),  if  a  candle  be  held  at  the  bottom 
qf  the  door? 

A.  Because  the  coU  air  from  without 
is  rushing  inwards,  through  the  crevice 
at  the  bottom  of  the  door,  to  drive  the 
light  warm  air  out  at  the  top. 

Q.  Hoio  does  warm  air  make  its  ESOAPa 
Jrom  a  room? 

A.  The  warm  air  is  pressed  out  by 
the  cold  air  coming  in  below ;  and  escapes 
by  means  of  the  crevices  at  the  top  of 
the  room. 

Q.  Why  are  not  all  places,  which  lie  under  th« 
tame  parallel  of  latitude,  of  the  same  temperature  ? 

A.  Because  various  disturbing  cir- 
cumstances tend  to  vary  the  mean  tem- 
perature. 

Q.  What  disturbing  circumstances  affect  tha 
temperature  of  particular  situations  ? 

1st — The  elevation  and  form  of 

the  land : 

2nd\y — The  proximity  of  the  sea : 
3rdly — Mountains,  swamps,  and  fo- 

rests '. 

4thly— The  nature  of  the  soil :  and 
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Sthly — The  prevalence  of  cold  or  warm 
winds. 

Q.  WTiat  effect  is  produced  on  temperature 
ly  the  configuration  of  lands  ? 

A.  Islands  and  peninsulas  are  warmer 
than  continents;  bays  and  inland  seas 
also  tend  to  raise  the  mean  temperature. 

Q.     WTiat  effect  has  the  sea  on  temperature  ? 

A.  In  warm  cHmates  it  tends  to 
diminish  the  heat;  in  cold  cHmates  to 
mitigate  the  cold. 

Q.  What  effect  hanie  moitntaiks  on  temper- 
ature  ?  ^ 

A.  Chains  of  mountains  which  ward 
off  cold  winds,  raise  temperature ;  but 
mountains  which  jvard  off  south  and  west 
winds,  lower  it. 

Q.     What  effect  has  soil  on  temperature  ? 

A.  A  sandy  soil  which  is  dry,  is 
warmer  than  a  marshy  soil  which  is  wet, 
and  subject  to  great  evaporation. 

For  effects  of  forests  on  temperature,  see  p.  167. 

Q.    Does  all  wind  maintain  the  same  velocity  ? 

A.  The  velocitij  of  wind  varies  from 
100  miles  an  hour  in  the  tornado,  to  the 
TmTe^  perceptible  motion  of  a  gentle 
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Q.  Sow  does  the  rotation  of  the  earth  upon 
its  axis  of  act  the  motion  of  the  air  ? 

A.  In  two  ways.  1st — As  the  earth 
moves  round  its  axis,  the  air  is  left 
somewhat  MiinA, ;  and,  therefore,  seems 
to  a  body  carried  with  the  surface  of  the 
revolving  earth,  to  be  going  in  the  op- 
posite direction  :  and 

Sndly — As  the  earth  revolves,  different 
portions  of  its  surface  are  continually 
passing  under  the  vertical  rays  of  the  sun. 

Q.     When  are  the  rays  of  the  sun  called 

**  VERTICAL  EATS?" 

A.  When  the  sun  is  in  a  direct  line 
above  any  place,  his  rays  are  said  to  be 
*'  vertical"  to  that  plac§. 

Q.  Illustrate  the  manner  in  which  the  eartVt 
surface  passes  under  the  vertical  sun. 

A.  Suppose  some  part  of  the  brass 
meridian  of  a  globe  to  represent  the 
vertical  sun;  as  you  turn  the  globe 
round,  different  parts  of  its  surface  wiU 
pass  under  that  part  of  the  brass  rim, 
in  constant  succession. 

Q.  Why  is  it  NOON-DAT  to  the  place  over 
which  the  stjn  is  teetical  ? 
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A.  Because  the  sun  is  half-way 
ctween  rising  and  setting  to  that  place. 

Q.  Show  how  this  rotation  of  the  earth 
fects  the  Aia. 

A.  If  we  suppose  some  part  of  the 
rass  meridian  to  be  the  vertical  sun,  the 
hole  column  of  air  beneath  will  be  heated 
y  the  noon-day  rays;  that  part  which 
le  sun  has  left,  will  become  gradually 
Mer  and  colder  ;  and  that  part  to  which 
id  sun  is  approaching,  will  grow  con- 
antly  warmer  and  wanner. 

Q.  Then  there  are  thbeb  conditions  of  air 
out  this  spot? 

A.  Yes :  the  air  over  the  place,  which 
IS  passed  the  meridian,  is  cooling  ;  the 
r  under  the  vertical  sun,  is  the  hottest ; 
id  the  air,  which  is  over  the  place  about 

pass  under  the  meridian,  is  increasing 

heat. 

;ee  fig.  on  p.  309.  The  column  A  (which  the  sun  has  passed)  Is 
ling  :  B  is  under  the  vertical  sun ;  and  C  is  increasing  in  heat. 

Q.  Sow  does  this  yxbxety  in  the  heat  of 
E  produce  wind  ? 

A.  The  air  always  seeks  to  preserve 
condition  of  equilibrium ;  so,  cold  air 
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rushes  into  the  place  occupied  by  neigh- 
bouring warm  air,  and  causes  it  to  form 
an  upward  current. 

Q.     Why  does  not  the  wind  always  blow 
ONE  way,  following  the  direction  of  the  SUN? 

A.  Because  the  direction  of  the  wind 
is  subject  to  perpetual  interruptions  from 
hills  and  valleys,  deserts  and  seas,  &c. 

Q,  Sow  can  hills  and  mountains  alteb 
the  comse  of  the  winds  ? 

A.  Suppose  a  wind  (blowing  from  the 
north)  comes  to  a  mountain  ;  as  it  cannot 
pass  through  it,  it  must  either  rush  hack 
again,  or  fly  off  at  one  side,  (as  a  marUe, 
when  it  strikes  against  a  wall.) 

Q.     Do  MOUNTAINS  qfect  the  wind  in  any 
OTHEB  way? 

A.  Yes  ;  many  mountains  are  cappeA 
with  snow,  and  the  warm  air  is  condensed,  \ 
when  it  comes  in  contact  with  them  •.  as  i; 
soon  as  the  temperature  of  the  air  is  t 
changed,  the  direction  of  its  currents  are  i; 
altered  also. 

See  figure  on  next  page. 
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Suppose  A  B  C  to  be  three  columns  of  air.  A,  the  column  of  «U 
1  which  la  coolmff  down :  B,  the  column  to  which  the  sun  is  vertical  • 
I  Mid  C,  the  column  which  ij  to  be  heated  next.  In  this  ease,  the  cold 
I  air  of  A  will  rush  towards  B ;  because  the  air  of  B  is  hotter  than 
I  that  of  A.  But  suppose  now  C  to  be  a  snoxv-capped  mountain;  as 
lit  comes  under  B,  it  preserves  the  air  round  it.  at  its  low  tempera- 
itare  stm,  and  therefore  checks  for  a  time  the  ascent  of  the  air  in 
1  that  direction. 

Q.     How  can  the  oobait  afect  the  direction 

ipfthe  WIND? 

A.  When  the  ocean  rolls  beneath  the 
wertical  sun,  it  is  not  made  so  hot  as  the 
Hand  is;  in  consequence  of  which,  the 
ggeneral  direction  of  the  wind  is  from 
ttracts  of  ocean  towards  tracts  of  land. 

Q.  Why  is  not  the  wateb  of  the  sea  made  so 
HOT  by  the  vertical  sun,  as  the  surface  of  the  land  ? 

A.  1st— Because  the  evaporation  of 
ihe  sea  is  greater  than  that  of  land :  and 

2ndly — The  constant  motion  of  water 
>pre vents  the  increase  of  temperature  at 
Jthe  surface. 
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Q.  Wliy  does  tJie  ETAPOBA.TiOTr  of  tie  seapre- 
ven  t  its  surf  ace  from  being  li  eated  hyiTie  verticalsun  ? 

A.  Because  its  lieat  is  ahsorhed  in 
th  e  generation  of  vapour,  and  carried  off 
into  the  air. 

Q.  WJiy  does  tie  motion  ofilie  sea  prevent 
its  surface  from  leing  lieated  hy  the  verticalsun? 

A.  Because  each  portion  rolls  away, 
as  soon  as  it  becomes  heated,  and  is 
succeeded  by  another ;  and  this  constant 
D lotion  prevents  the  surface  of  the  sea 
•  from  being  more  heated  than  the  water 
telow  the  surface. 

Q.  How  do  CLOUDS  affect  the  •wind  ? 
A.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth, 
they  diminish  the  rarefaction  of  the  air 
also  :  and  this  is  another  cause  why 
neither  the  strength  nor  direction  of  the 

wind  is  uniform. 

Q.     Do  winds  evee  llow  eegtjlaelt  ? 

A.  Yes ;  in  those  parts  of  the  world, 
which  present  a  large  surface  of  water, 
as  in  the  Atlantic  and  Pacific  Oceans. 

Q.  What  are  the  regular  winds,  which  blow 
over  the  Atlantic  and  Pacific  Oceans,  called  i 
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Ti£'    -^l^i^       ^^^^ed  "  trade  winds  " 

Q.    mat  service  are  tlese  winds  to  mercTmnts  ? 

A     I  hey  are  very  convenient  to  mer- 
chants, who  have  to  cross  the  ocean 
masmuch  as  they  always  blow  uniformly' 
111  one  direction.  ^ 

hlow?         ""''^'^  ^IBECTIOK  do  tie  trade  xoinda 

A.  That  in  the  northern  hemisphere 
.lows  from  the^o,.W,;  that  1^1 

A.    Because  the  poles,  from  which 
^ov,,move  with  less  velocity  than  the 
'ufaceof  the  earth  over  which  they  pass 
'  J^heu' progress  towards  the  equafor^ 

-  teelVnl  ^^7^si^edges,houses, 
trees,  (to  a  person  m  a  carriage)  seem 
be  runmng  m  an  opposite  direction 

'  the  earth's  ^7««^.r^a7s^r?ace  muM  nf  ''''  '\"<^fore,  evfry 
i  resBonrling  one  at  the  poles.  """^  '^^an 
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Q.     Wli/  do  currents  of  airflow  from  th 

POLBS  to  the  EQTJATOB? 

A  Because  the  air  about  the  equato 
(being  rarefied  by  the  heat  of  the  sun 
constantly  ascends,  and  thus  gives  way  t 
the  cold  air  from  the  poles. 

Q.     Is  there  an  tippee  as  well  as  a  lowe 
OTJEEBNT  in  the  atmosphere  ?  e  M 

A  Yes ;  the  wpp^r  current  of  rar( 
fied  air  is  from  the  equator  to  the  poles 
being  there  condensed,  it  returns  agai 
to  the  equator,  forming  the  lower  curren 

Q,     What  effects  are  ^produced  hy  the  dout 
current  of  air  ?  i  r 

ls1>— The  warming  and  cooling 

the  strata  of  air : 

gndly— The  deposition  of  ram :  and 
3i.dly— -The  formation  and  appearan 

of  clouds. 

Q.     How  is  the  iJK  affected  hy  these  oppos 

currents  ?  «       .  i  ^ 

A  As  cold  air  returns  from  the  po 
to  the  equator,  and  hot  air  travels  frc 
the  equator  to  the  poles,  both  curre* 
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are  affected  as  they  come  into  contact 
with  each  other. 

Q.     Eow  would  these  two  opposite  currents 
qf  air  cause  deposition  of  EiJN  ? 

A.  The  hot  current  from  the  equator 
being  mixed  with  the  cold  current  from 
the  poles,  are  condensed,  and  compelled 
to  part  with  some  of  their  moisture  in 
rain. 

Q.  Eoto  are  oiOTTBa  tweeted  ly  the  equato- 
rial and  polar  currents  of  air  ? 

A.  As  the  currents  displace  each 
other  hy  any  disturbing  cause,  va'pour  is 
added,  to  or  taken  from  the  clouds,  and 
produce  a  total  change  in  the  "  face  of 
the  sky." 

Q.     Why  do  the  clouds  vary  almost  inces- 
tantly  even  in  the  calmest  day  ? 

A.  In  a  great  measure  from  some 
slight  disturbance  in  the  separate  course 
of  the  equatorial  and  polar  currents, 
whereby  the  upper  current  descends,  and 
N'le  lower  one  rises  into  the  other. 

Q.     Do  trade-winds  hlowfrom  the  north-cast 
«M  touth-east  all  the  TBAa  liouND  ? 

X  a 
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A  Yes,  in  the  open  sea ;  that  is,  in  the 
Atlantic  and  Pacific  Oceans,  for  about 
30  degrees  each  side  of  the  equator. 

0  WJiat  becomes  of  the  north-easterly  and 
south-easterly  trade  winds,  when  they  approach 
the  equator  ?  ,  •        p  7 

A.  They  are  lost  m  a  region  ot  calms, 
in  which  vessels  are  often  detained  for  a 
considerable  time. 

0    Is  this  region  of  calms  f  ixed  in  its  position? 

A  No ;  it  shifts  its  place,  according 
to  the  sun's  distance,  and  position  in 
regard  to  the  equator:  being  sometimes 
entirely  to  the  north  of  the  equator,  and 
occasionally  reaching  as  far  as  2  degrees 

south  of  it.  ./•  7 

O      Bo  the  TRADE  wiKDS  Uow  uniformly  J 1  om 

north-east  and  south-east  in  the  Indian  Ocean  ? 
A    No-  nor  yet  in  those  parts  ot 

the  Atlantic  and  Facific  which  verge  on^ 

the  continents.  .    ,  t 

Q.     Sow  do  the  winds  Uow  in  the  Indian 

^^A^^From  April  to  October  a  soutli- 
west^n^  prevails  ;  but  from  October  to 
April,  a  north-cast. 


MONSOONS. 


315 


Q.     WTiat  are  tliese  periodical  cwrents  of 
air  {which  affect  the  neighhourhood  of  the  Arabian 
Indian,  and  Chinese  Seas)  called?  ' 

A.    They  ai'e  called  monsoons. 

The  word  monsoon  is  of  Arabic  derivation;  mausim,  (a  set  time 
or  season.)  * 

Q.  Sow  far  do  the  limits  of  the  monsoons 
extend? 

A.  From  the  African  shore  to  the 
longitude  of  New  Guinea ;  and  northward 
as  far  as  the  parallel  of  latitude,  which 
crosses  the  Loochoo  Isles. 

loSnide!°°^°°  '"''■'^  latitude,  and  30o  east 

Q.  Why  do  not  the  winds  in  the  Indian 
Ocean  Ihw  south-ioest  from  April  to  October, 
like  the  trade  winds  ? 

A.  Because  the  air  of  Arabia,  Persia, 
India,  and  China  is  so  rarefied  by  the 
enormous  heat  of  their  summer  sun, 
that  the  colder  an-  from  the  south  rushes 
towards  these  countries  across  the  equator , 
producing  a  south-west  wind. 

Q.     To  what  distance  does  this  south-west 
wind  prevail  ? 

A.    From  3  degrees  south  of  the 
equator,  to  the  .shores  of  the  Arabian 
Indian,  and  Chinese  Seas.  ' 

sad 
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Q.  Why  does  the  wind  (t'w  the  IirDTXK 
Ocean)  How  north-east  from  October  to  April  t 

A.    Because  the  southern  part  of  the 

torrid  zone  is  most  heated  when  the  sun 

is  south  of  the  equator :  and  the  colder 

air  from  the  north  rushes  towards  the 

southern  tropic,  producing  a  nokth-east 

wind  for  six  months  of  the  year. 

Q.  Are  the  monsoons  as  poweeftjl  as  the 
trade  winds  ? 

A.    They  are  far  more  so,  and  very 

often  amount  to  violent  gales. 

Q.  Why  are  monsoons  more  trsEFTiL  to  the 
mariners  than  the  fixed  teadb  winds  ? 

A.  Because  mariners  are  able  to  avail 
themselves  of  these  periodic  changes,  to 
go  in  one  direction  during  one  half  of  the 
year,  and  to  return  in  the  opposite  direc- 
tion during  the  other  half. 

Q.  How  is  the  change  of  the  monsoons 
marked i 

A.    By  an  interval  of  alternating 

calms  and  storms. 

Q.  Have  the  winds  in  Etteope  any  general 
directions  throitghout  the  year  ? 
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I  A.  We  generally  find  that  easterly 
i  winds  prevail  during  the  spring  of  the 

year ;  and  westerly  winds  in  the  summer 

and  autumn. 

S-West  winds  are  more  frequent  in  July  and  Aug^nst.  N-East 
I    -winds  in  January,  March,  AprL,  May,  and  June ;  but  least  frequent 
in  July,  September,  and  December. 

Q.  When  are  the  "WESDS  in  Etjeope  gene- 
rally the  HIGHEST  ? 

A.  The  winds  in  December  and  Jan- 
uary are  generally  the  highest.  Those 
in  March  and  November  the  next ;  and 
til  ose  in  August  and  September  are  the 
least  boisterous. 

Q.  Why  are  the  winds  of  Europe  gene- 
rally  HIGHEST  in  December  and  Jantjaet  ? 

A.  Because  the  sun  is  furthest  south 
in  those  months;  and  (as  the  heat  in 
these  northern  regions  rapidly  decreases) 
the  contrast  between  om-  temperature 
and  that  of  the  torrid  zone  is  greater 
;in  December  and  January,  than  in  any 
<  other  two  months  throughout  the  year. 

Q.  Why  does  this  conteast  of  heat  increase 
i  tJie  VIOLENCE  of  the  wind  ? 

A.  Because  the  air  always  seeks  to 
ipreserve  a  state  o^  equilibrium ;  therefore, 

s  a  3 
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the  greater  the  contrast,  the  more  violent 
will  be  the  rush  of  air  to  equalize  the 
two  volumes. 

Q.  Why  are  tTie  winds  in  Europe  generally 
most  PLACID,  dv/ring  the  months  of  Sepiembeb 
and  August  ? 

A.  Because  August  andSeptemberare 
our  warmest  months^  when  we  approach 
nearest  to  the  heat  of  the  torrid  zone ; 
therefore,  the  air  (to  and  from  the  equa- 
tor), moves  with  less  velocity  in  our 
northern  hemisphere  in  those  two 
months  than  in  any  other. 

Q.  Shew  the  goodness  and  wisdom  of  GoD 
in  this  constant  tendency  of  air  to  equilibrium. 

A.  If  the  torrid  zone  were  not  tem- 
pered by  cold  air  from  the  polar  regions, 
it  would  become  so  hot,  that  no  human 
being  could  endure  it.  If  (on  the  other 
hand)  the  polar  regions  were  never  warmed 
by  hot  air  from  the  torrid  zone,  they 
would  soon  become  insufferaUij  cold. 

Q.  In  what  other  way  does  the  mingling 
of  the  polar  and  equatorial  atmosphere  act 

BENEFICIALLY  ? 

A.    In  the  equatorial  regions,  the 
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great  abundance  of  vegetable  life  is  pro- 
ductive of  a  very  lai'ge  amount  of  oxijgen: 
In  the  colder  regions,  artificial  fires  and 
dense  masses  of  animal  life,  produce 
lai-ge  quantities  of  carbonic  acid:  The 
mmghng  of  the  polar  and  equatorial 
atmosphere  assists  in  supplying  each  of 
•  these  regions  with  the  very  gas,  in  which 
!it  would  be  otherwise  defective. 

Q.  Sow  does  the  mingling  of  the  polab 
cfl/zc^EQUATOEiAi,  atmosphere  serve  to  supply  each 
tregion  with  the  gas  it  most  requires  ? 

A.  The  'plants  of  the  equatoeial 
rregions  require  carbonic  acid: — The 
ummals  of  the  colder  regions  require 
->mjgen:— The  currents  of  air  from  the 
'^oles  carry  carbonic  acid  to  the  equato- 
rial plants  ;  and  the  currents  of  air  from 

he  equator  carry  oxygen  to  the  animals 

mich  abound  nearer  the  poles. 

Qt-     Why  are  east  winds  in  England  gene- 
iillg  COLD  ?  J  n 

A.  Because  they  pass  over  the  cold 
wampy  plains  of  the  North  of  Europe  • 
nd  have  jio  great  breadth  of  ocean  to 

'  ow  over  afterwards  to  warm  them. 

1,  etore  they  reach  our  shores. 
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Q.     Why  are  east  winds  in  England  gene- 
rally dry  ? 

A.  Because  they  come  over  vast 
continents  and  very  little  ocean;  con- 
sequence of  which,  they  have  absorbed 
very  little  water. 

Q.  Sow  does  tUs  account  for  the  diying 
power  of  the         winds  ? 

A.  Being  dry  when  they  reach  our 
island,  they  readily  imbibe  moisture  from 
the  air  and  clouds;  and,  therefore,  bring 

dry  weather. 

'q.     Wliy  are  noeth  winds  in  England 

qenerally  cold? 

A.    Because  they  come  from  the  po/ar 

regions,  over  mountains  of  snow,  and 

seas  of  ice. 

Q.  Why  are  nobth  winds  in  England 
generally  keen  and  drying? 

A  Because  they  come  from  regions 
colder  than  our  own ;  and,  bemg  warmed 
by  the  heat  of  our  island,  absorb 
moisture  wherever  they  find  it. 

Q.  Why  are  south  winds  generally  wabM 
in  England?  ,i 

A.    Because   they  come  over  the 
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Ihot  sandy  deserts  of  Africa,  which  make 
tthem  hot. 

Q.     Why  do  aovTB.  WINDS  often  Irina  us 

A.  Because  they  are  much  heated  by 
the  hot  sands  of  Africa ;  and  imhibe  wa- 
ier  very  plentifully,  as  they  pass  over  the 
Mediterranean  Sea  and  British  Channel. 

Q.  How  does  this  account  for  the  baint 
maracter  of  south  winds  ? 

A.  As  soon  as  they  reach  our  cold 
ihmate  they  are  condensed,  and  can  no 
oDnger^  hold  all  their  vapour  in  suspen- 
uon ;  in  consequence  of  which,  some  of 
tt  is  deposited  as  rain. 

Q.     Why  are  west  winds   in  Enqland 
tsnerally  eaint  / 

A.    Because  they  come  over  the  ^iW- 
Ocean,  and  are  laden  with  vapour  ■  if 
iierefore,  they  meet  with  the  least  chill, 
»me  of  the  vapour  is  deposited  as  rain. 

Q.     Why  is  a  fine  cleah  day  sometimes 
'TIECAST  tn  a  few  minutes  f 

A,  Because  some  sudden  change  of 
mperature' has  condensed  the  vapour  of 
ae  air  into  clouds 
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Q.     Why  are  clouds  sometimes  dissipated 
very  suddenly  ?  .   t  n  i  • 

A.  Because  some  dry  wind  (blowing 
Dver  the  clouds)  imUhes  their  moisture, 
and  carries  it  off  in  visible  vapour. 

Q.    Wliydo  BOITTH-WEST  windshring  us  EArN? 

a!  Because  they  come  from  the  tonid 
zone,  and  get  laden  with  vapour,  in  th-eir 
transit  across  the  ocean.  But,  when 
they  reach  our  northern  island,  (bemg 
condensed  by  cold)_  some  of  the  vapour 
is  precipitated  in  rain. 

Q.    Wliy  do  NOB.XH-EA.ST  winds  eaeelt  Iring 

BAIN? 

A.  Because  they  come  from  a  cli- 
mate colder  than  our  own,  and  theu* 
capacity  for  imbibing  vapour  is  increased, 
when  they  reach  our  island;  in  conse- 
quence of  which,  north-east  winds  drij 
the  air,  dispel  the  clouds,  and  promote 

evaporation.  . 

Q.  JVJiy  does  wind  sometimes  bring  eain 
and  sometimes -ETS'E' weather  ? 

A.  If  the  wind  be  colder  than  tM 
clouds,  it  will  condense  thek  vapour  into 
rain :  But  if  the  wind  be  warmer  than  tf 
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clouds,  it  will  dissolve  them,  and  cfwise 
them  to  disappear. 

■  Q.     WTiy  are  Maeoh  winds  det  ? 

A.  Because  they  generally  blow  from 
the  east  or  north-east;  and,  therefore, 
sweep  over  the  continent  of  Europe,  and 
cross  the  cold  waters  of  the  Germ  in 
Ocean. 

Q.     WJiat  is  the  use  of  Mabch  wi^ds  ? 

A.  They  dry  the  soil,  which  is  satu- 
rated with  the  floods  of  February, — 
break  up  the  heavy  clods,— and  fit  the 
land  for  the  seed  committed  to  it. 

Q.  Why  is  if  said,  that  "  Maeoh  comes  m 
khke  a  lioit  ?" 

A.  Because  it  comes  in  with  hlustering 
(east  winds,  so  essential  to  dry  the  soil, 
dest  it  rot  the  seeds  committed  to  it. 

Q.    Why  does  "Maech  go  out  like  a  iamb  ?" 

A.  _  Because  the  water  (evaporated  by 
tthe  high  winds)  falls  again  in  shoivers  to 
(fertilize  the  eai'th ;  and  these  constant 
ishowers  break  the  violence  of  the  winds. 

Q.     Why  is  it  said,  that  "  A  lushel  (/Maech 
)DUST  is  worth  a  king's  ransom 

.  A.    Because  it  indicates  that  there  has 
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been  a  continuance  of  dry  weafher :  and 
unless  March  be  dry,  the  seed  will  rot  in 

the  wet  soil. 

Q.  VThy  is  it  said,  "A  BET  cold  Maboh 
«<n;er  BEGS  BEE^  ?" 

A.  Because  the  dry  cold  winds  ot 
March  prepare  the  soil  for  s^gd;  which 
germinate,  and  produce  fruit  in  the 
autumn. 

Q.  It  is  said,  that  "  A  wet  Maech  make* 
a  SAD  autumnr    Explain  the  reason  of  this. 

A.  If  March  is  wet,  so  much  seed  rots 
in  the  ground,  that  the  autumn  crops 

are  spoiled.  ^ 

Q  It  is  said,  that  "  Maeoh  i-lowees  rmifce 
HO  summer  boweeb."  :Explain  the  reason  of  this. 

A.    If  the  spring  he  very  mild,  vegeta- 
tion gets  too  forward,  and  is  pMed  by  » 
succeeding  night  frosts,  so  that  the  sum- 
mer produces  neither  fruits  nor  flowers. 

Q  It  is  said,  "A  LATE  speino  makes  a 
TEUiTFUL  TEAE."  Uxplain  the  reason  of  this. 

A    If  the  vegetation  of  spring  be 
backward,  frosty  nights  will  do  no  harm  ; 
because  the  fruits  and  flowers  will  not  put 
vforth  their  tender  shoots,  till  the  nights 
have  become  too  warm  to  injure  them. 
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_  Q.     Why  is  it  said,  that  "  Apeil  showees 
Iriny  Mat  riowEES  ?" 

A.^  Because  April  showers  supply  the 

principal  nourishment  on  which  seeds 

depend  for  their  development. 

Before  seeds  can  germinate,  three  things  are  essential :— Dark- 
ness, Heat,  and  Moisture. 

Q.     Does  RXTS-vmter  possess  any  fertilizing 
I  properties,  besldes  that  of  mere  moisture  ? 
A.    Yes;    rain-water    contains  an 
abundance  of  carbonic  acid,  and  a  small 
quantity  of  ammonia;  to  which  much  of 
its  fertihzing  power  is  attributed. 

Ammonia  is  a  compound  of  nitrogen  and  hydrogen.  Common 
nartshom  IS  only  ammonia  and  water. 

Q.     Why  has  Ood  made  Novembeb  a  very 
BAiKY  month  ? 

A.  Because  rain  hastens  the  putre- 
faction of  the  fallen  leaves:  and  this 
makes  the  earth  fertile. 

Q.  Why  is  there  moeb  rain  eeom  Ssiptem- 
:  Ber  to  Maech,  than  from  March  to  September  ? 

_  A.  Because  the  temperature  of  the 
lair  is  constantly  decreasing;  on  which 
?  account,  its  capacity  for  holding  vapour 
lis  on  decrease  also;  and  its  vapour 
{precipitated  as  rain. 
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O      Why  is  there  mbs  rain  from  March  to 
Sepiemler,  thanjrcm  September  to  March  ? 

A.    Because  the  temperature  ot  the 

ah-  is  constantly  increasing;  on  which 

account,  its  capacity  for  holding  vapour 

is  on  the  increase,  and  very  htUe  is 

nrecinitated  as  rain. 

Q     Why  is  the  rising  sm  in  simmer  acconv- 

paniedwithaBE^^Z'^^ 

A.  Because  the  heat  of  the  nsmg 
sun  stops  the  radiation  of  Uat  from  the 
pflrth  and  warms  its  surface. 

O    Sow  does  this  warmth  produce  a  bbee.e  ? 

A  The  ah-  (resting  on  the  earths 
surface)  h^mgwarmed  hy  contact,  ascends ; 
and  colder  Jr  rushing  in  to  restore  the 
balance  produces  the  morning  breeze. 

Q      Why  is  there  often  an  etekin«  bbeezu 

^T^B^srth^^^^^^^^^^ 

^^^^^'^^a^ct^.^^^^ 
down  bv   contact,  tnis 

causes  I  rmtim  «  '^'^ 

evming  breeze  «l«.ps  • 

the  sea  to  the  land)  ? 
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A.  Because  solar  rays  are  unable  to 
I ,  heat  the  surface  of  the  sea,  as  they  do  that 
of  the  earth  ;  therefore,  the  air  resting  on 
the  sea  is  less  heated,  than  the  air  resting 
on  the  earth;  and  the  colder  sea  air 
blows  inland  to  restore  equilibrium. 

Q.  is  alandlreeze  generally  less  healtJiv 

than  a  sea  hreeze  f  ' 

A.  Because  it  is  frequently  laden 
with  exhalations  from  putrefying  animal 
and  vegetable  substances. 

Q.     W^y  is  a  sea  hreeze  fresh  and  healthy  ? 

A.  Because  it  passes  over  the  fresh 
I  sea,  and  is  not  laden  with  noxious 
texhalations. 

Q.  Why  is  there  generally  a  fresh  hreeze 
Worn  the  SEA  (tn  English  watering  places,)  durina 
me  summer  and  autumn  mobninss  ? 

A.    Because  land  is  more  heated  by 
m  sun  than  the  sea  is;  in  consequence 
ot  which,  the  cooler  sea  air  glides  inland 
'•estoring  equihbrium  by  pressing  up  the 
{ight  hotter  air.  b   r  ^ 

Q-     Why  does  a  sea  hreeze  feel  cool? 
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A.    Because  the  sun  cannot  make 

the  surface  of  the  so  hot  as  the  ia»^; 
therefore,  the  air  which  b  ows  fiom  the 

sea  is  cooUr  than  the  air  of  the  land 

froB  <*c  land  towards  the  sea)  ?  , 
^  A  Because  the  sur/ace  of  the  lanA 
cools  down  faster  (after  sun-set),  than 
fte  surface  of  the  sea:  in  consequence 
of  wS,  the  air  of  the  cold  lands  is  con- 
tensed,  aid  flows  into  the  warmer  regions 
of  the  sea-causing  a  lAOT  breeze. 

0  WJm  is  the  land  treeze  0001  ( 

1  Because  the  surface  of  the  land 
is  cooled  at  sun-set  mre 

the  surface  of  the  sea ;  therefore,  the  aur 
from  the  land  feels  cool. 

O      Why  «  rt^'  temperature  of  kUnls  m>r<> 

-r^rarir::;:'aroundthe 

island  mitigates  the  eKtreme  heat^  o^ 
summer,  and  gives  out  heat  t«  dimmisn 
the  extreme  cold  of  winter. 

Q     ta.™s  are  W..H.B  in^nt^  tUn  ^ 
tmmk    Ma:flain  the  ream  of  tiM. 
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^  A.  Unless  the  sea  he  frozen  (which 
IS  rarely  the  case)  it  is  warmer  than  the 
Irozen  land :  and  the  warmth  of  the  sea 
air  helps  to  mitigate  the  intense  cold  of 
the  land  air. 

Q.  Explain  the  cause  of  sea  waves. 
A.  The  wind,  pressing  unequally  on 
the  surface  of  the  sea,  depresses  one  part 
more  than  another;  every  depression 
causes  a  corresponding  elevation,  and 
these  undulations  are  called  waves 

Q-     If  waves  are  stationary,  and  only  move 
up  and  down,  why  do  they  seem  to  advance  towards 
line  shore  ? 

This   is   an   ocular  deception. 
^vVhen  a  corJcscrew  is  turned  round,  the 
(thread  appears  to  move  forward;  and 
■the  apparent  onward  motion  of  the  waves 
of  the  sea  is  a  similar  delusion. 

Q-     Wha^  is  the  cause  of  "  beeakees  ?" 

A.    The  interference  of  rocks  or  risinfr 
oanks  in  the  sea  with  the  regular  form 
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of  the  wave,  by  which  the  "phase"  of 
the  curve  is  broken. 

'^The  phase  of  the  curve"  is  the  outline  or  arc  of  the  wave. 

0      What  causes  the  speay  of  waves  r 

A  The  wind  driving  the  surface  ot 
the  water  from  the  top  of  the  wave,  and 
scattering   the  small  pai^ticles  m  aU 

directions. 

O.     What  is  a  tide  ? 

A  A  wave  of  the  whole  ocean,  which 
is  elevated  to  a  certain  height,  and  then 
sinks  after  the  manner  of  a  common 
wave.  The  interval  between  the  two 
positions  forms  a  tide.  . 

^  lire  are  two  tides  in  a  lunar  day,  i.  e.  24  hoars.  49  mmutes. 

0      What  is  the  cause  of  tides  ? 

A  The  principal  cause  is  the  attrac- 
tion  'of  the  moon  ;  which  raises  the  waters 
of  the  ocean,  as  tbey  come  under  her 
influence  by  the  motion  of  the  eai'th  on 

q^^^mv  do  we  generally  feel  ooldeb  out- 
of-doors  than  in-doors  ?  . 
^  A  Because  the  air  is  always  changing, 
and  before  one  portion  has  become  heated 
by  om-  body,  another  colder  portion  takes 
its  place,  and  absorbs  more  heaW 
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Q.  Why  is  a  eoom  {even  without  afire) 
generally  waemee  than  the  open  aib  " 

A.  Because  the  air  in  a  room  is  no. 
subject  to  much  change,  and  soon  becomes 
of  the  same  temperature  as  our  skin, 
after  which  it  no  longer  feels  cold. 

Q.     How  fast  does  loind  travel  ? 

A.    A  gentle  breeze  goes  at  about 

the  rate  of  5  miles  an  hour.    A  hi  ah 

wind  from  20  to  60.    A  hurricane  from 

80  to  100  miles  an  hour. 

Q.  Uow  is  the  telocitt  of  winds  ascer- 
tained f 

A.  By  observing  the  velocity  of  the 
clouds  ;  and  by  an  instrument  contrived 
for  the  purpose,  called  an  Anemometer. 

Pronounce  An-e-mom'-e-ter.    From  two  Greek  words 
(wmd)  and  pjnpov  (a  measure).    This  term  is  appUed  more  fre- 
quently to  an  instrument  which  measures  the /orce  of  wind. 

Q.     How  is  the  VEiociTT  of  the  clouds 
ascertained? 

A.    By  observing  the  speed  of  their 
shadow  along  the  ground:   which  is 
!  found  (m  a  high  wind)  to  vary  from  20 
I  to  60  mile^  an  hour. 

.      ^"7   Y^^J  ^*  ^^^^^  always  a  strong  deaught 
<  through  the  key-hole  of  a  door  f 
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A.  Because  the  air  in  the  room  we 
occupy  is  warmer  than  the  air  in  the  hall; 
therefore,  the  air  from  the  hall  ruslies 
through  the  heij-hole  into  the  room,  and 
causes  a  draught. 

Q.  Whi/  is  there  alioays  a  strong  deaught 
TJNDEE  the  door,  and  through  the  crevice  on  each 
tide  ? 

A.  Because  cold  air  rushes  from  the 
hall,  to  drive  the  warmer  air  up  the 
chimney. 

Q.  Wliy  is  there  always  a  dua.v&b.t  through 
the  WINDOW  crevices  ? 

A.  Because  the  external  air  (being 
colder  than  the  air  of  the  room  we  occupy) 
rushes  through  the  window  crevices  to 
drive  the  warm  air  up  the  chimney. 

Q,  If  you  open  the  lowes  sash  of  a  window, 
there  is  more  de,au&ht  tha7i  if  you  open  the  uppeb 
sash.    Explain  the  reason  of  this. 

A.  If  the  lower  sash  be  open,  cold 
external  air  will  rush  freely  into  the  room, 
and  cause  a  great  draught  inwards  ;  but 
if  the  u;p'per  sash  be  open,  the  heated  air 
of  the  room  will  rush  out ;  and  (of  coui-se) 
there  wiU  be  less  draught  inwards. 
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Cold  air  always  flows  to  the  spot  occupied  by  warm  air,  and  dis- 
places It,  because  it  is  hea>'ier.   Both  are  drawn  down  to  the  earth 
by  Its  attraction,  but  the  heavier  cold  air  with  the  more  force ;  it 
therefore  occupies  the  lower  position,  and  pushes  the  warm  air 
upwards. 

Q.  By  loliich  means  is  a  boom  better  venti- 
lated— By  opening  the  upper  or  lower  sash  ? 

A.  A  room  is  better  ventilated  by 
opemng  the  upper  sash  ;  because  the  hot 
vitiated  air  (which  always  ascends  towards 
the  ceiling)  can  escape  more  easily. 

Q.  By  which  means  is  a  hot  boom  more 
quickly  cooled — By  opening  the  upper  or  the 
lower  sash  ? 

A.  A  hot  room  is  cooled  more  quickly 
by  opening  the  lower  sash  ;  because  cold 
air  can  enter  more  freely  at  the  lower 
part  of  the  room  than  at  the  upper. 

Q.     Why  does  wind  det  damp  LiifEH"  ? 

A.  Because  dry  wind  (like  a  dry 
sponge)  imbibes  the  particles  of  vapour 
jfrom  the  surface  of  linen,  as  fast  as  they 
are  formed. 

Q.     JVhy  is  the  galleet  of  all  public  places 
IHOTTEE  than  the  lowee parts  of  the  building? 

A.  Because  the  heated  an-  ascends; 
and  all  the  cold  air  (which  can  enter 
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through  the  doors  and  windows),  till  it 
has  become  heated,  remains  on  the  floor 
of  the  room. 

CHAPTER  XXIII. 


BAROMETER. 


Q.     What  is  a  baeometeb,  ? 

A.  A  weather-glass,  or  instrument  to 
measure  the  variations  in  the  weight  of 
the  air. 

BABOMETBa  is  a  compound  of  two  Greek  words,  Bopos  (weight) 
and  u.^pov  (a  measure).  It  is  caUed  a  weather-glass,  because 
changes  of  weather  are  indicated  by  its  varying  conditions. 

Q     What  is  a  thehmometeb  ? 
A.    An  instrument  to  show  how  hot 
or  cold  anything  is. 

Thermometer  is  a  compound  of  two  Greek  words,  ©epfiof 
(heat),  and  fkerpov  (a  measure). 

Q.     WJiat  is  the  DiEEEBETfOB  letween 

THEEMOMETEE  and  a  BAEOMETEE  ? 

A.    In  a  THEKMOMETER  the  mercurt 
sealed  up  from  the  air;  and  rises  or 
falls,  as  the  varying  temperature  of  the 
air  expands  or  contracts  it:  but 
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In  a  BAROMETER  the  column  of  mer 
cmy  IS  left  exposed  (or  open)  to  the  air 
at  Its  lower  extremity;  and  rises  or  falls' 
as  the  varying  weight  of  tho  air  presses 
more  or  less  upon  it. 

BEA?;n£"i^  '^^rcwry  0/ tlermometer  le 
BEAiED  ^ifrom  the  air,  low  can  the  heat  affect 

A.  The  heat  of  the  air  passes  throuqh 
the  glass  tube  into  the  mercury,  causmc. 
the  metal  to  expand  and  rise  in  the  tube 

A  ■     T?^  ^      ^"^^       harometer  left  opex  ? 

A.  I  hat  the  au-  may  press  upon  the 
exposed  surface  of  the  mercuiy  •  As  this 

■  mThTtube"^^^'      "'^'""'^•^        '''' ^""^^^ 

I  affect  the  mercury  so  freely?  ^         ''^^  column  would  not 

llarleterZe^r'''  - 

.rv,     .  ?^^~-To  determine  the  height  of 
imountams  :  and  ^ 

eSher"^""  ''''^''^^^  ""^^"^^^ 

>  Il^e  barometer  was  Invented  by  ToricelU,  a  pupil  of  GalUeo,  1643 
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A.  As  the  weight  of  air  decreases 
the  higher  we  ascend,  the  mercm-y  of  a 
barometer  will  gradually  fall  and  indi- 
cate the  height  of  our  ascent. 

Q.  Does  the  density  or  weight  of  air  decrease 
in  any  regular  proportion  ? 

A  Yes  ;  the  density  of  air  decreases 
upwards  in  a  regular  geometrical  series. 

Thus  at  an  elevation  of  Si  nnles,  the  W  ome     is  o.ly  Aa// 
what  it  is  on  the  earth's  surface  .  at  7  ml^^^  only  o    J  ^^^^ 
lOi,  on..ciohth ;  at  14  nules  ~^<f  ^Ve  the  ifvel  of  the  sea, 
re»on  oflo  ^e^  K  but  Uttle  .eight. 

Q     WJiat  causes  the  weight  ofavr? 

A  The  pressure  of  superincumbent 
strata.  Thus  in  a  pile  of  books  the 
lower  volumes  sustain  the  weight  ot 
those  piled  over  them. 

O  Bow  can  a  Urometer  which  measures  th) 
WEIGHT  ofavr,  heof  service  as  a  ^x^^^^  glass  ? 

A  When  ah-  is  filled  witli  vapour,  it 
is  lighter  than  usual ;  and  the  column  of 
mercury  stands  low.  When  air  is  d^, 
and  free  from  vapour,  it  is  heavier  than 
usual;  and  the  mercury  st^^^s 
Thus  the  barometer  (by  shewing  the 
variations  In  the  weight  of  the  aar) 
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indicates  when  it  is  moist,  and  Hkelv  to 
rain  or  not.  ^ 

Q.  ^oestle^m^ToftheawYAnruvo^? 
les  ;  the  atmosphere  in  England 
Te^^^     "^"""^     one-fmi^       more  or 

Q.    Ofwlatm^  is  tie  baeo^i:teb  to  sailors^ 
shps,  before  squalls  come  onf 

^^3'     S^y'  BABOHETEB  Wam  SAIIOBS 

;  prepare  tJieir  ships  ?  sAix-OBS 

A.  As  it  indicates  when  wind  rain 
'and  .^om  are  at  hand,  the  sailor  S 
jmake^^s  sbp  trim  before  they  com^ 

^'         '\  ^V^<^iol  rules 

to  direct  us  how  to  know  the  chan ^^0 
weather  by  marking  the  mercmy^of  a 
arometer,  j  a 

Q-     Mention  the  Isi  Rvvm-r  -r,^ 
^3<^d  to  the  barometer  "^"^  ^"^^ 

A.    The  barometer  is  highest  of  all 
long  frost;  and  it  geLally  rise! 
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Q.  W%y  is  the  Urometer  highest  of  aU 
during  along  -EB.OBi'?  .  j-  „i„ 

A  Because  the  air  is  exceedingly 
dry :  and  dry  air  causes  the  mercury  ot 
a  harometer  to  rise. 

Q.     Why  does  the  barometer  generally  Eisa 
with  NOiiTH-EAST  winds  ? 

A  Because  north-east  wmds  make 
the  air  both  cold  and  dry;  and  being 
both  condensed,  and  witliout  vapour,  it  is 
much  heavier. 

Q.  Mention  the  2nd  special  etjle  with 
regard  to  the  barometer.        _  .  ^77 

A  The  barometer  is  lowest  of  au 
during  a  thaw,  which  follows  a  long  frost; 
and  it  generally  faUswith  south  or  west 

wind.  „  . 

O  Why  does  the  barometer  fall  lowest  of 
all  at  the  BBEAKiKa  tip  of  a  long  eeost  ? 

A  Because  the  air  (which  had  been 
much  dried  by  the  frost)  ahsorhs  tlu 
moisture  of  the  fresh  warm  cm-rent  of 
wind  from  the  south  or  south-west,  and 
becomes  laden  with  vapour. 

Q.    Why  does  the  barometer  fall  very  low  with 
BOtJXH  and  west  wind^  ? 
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A.  Because  south  and  west  winds 
come  heavily  laden  with  vapour:  and 
vaponzed  air  is  lighter  than  dry  air. 

Q.      WTiaf  effect  has  wind  on  the  mercv/ry  ? 

_  A.  The  barometer  is  Ugh,  when  the 
wind  blows  between  the  east  and  the 
NORTH.  But  it  is  low,  when  the  wind 
blows  between  the  south  and  west. 

Q.  What  is  the  Srd  special  euld  with 
regard  to  the  barometer  ? 

A.  While  the  barometer  stands  above 
SO,  the  air  must  be  veiy  dry,  or  very 
cold,  or  perhaps  loth, — and  no  rain  may 
be  expected. 

Q.  Why  will  there  he  no  eain,  if  the  aib 
be  very  det  ? 

A.  Because  dry  air  will  absorb  moist- 
ure, and  not  part  with  it  in  rain. 

Q.  Why  will  there  he  No  eain  if  the  Ala 
Oe  very  cold  ? 

.  A._   Because  it  is  so  rrmch  condensed, 

that  it  has  aheady  parted  with  as  much 

moisture  as  it  can  spare. 

Q.     What  is  the  4,th  special  etjle  with 
1  regard  to  the  barometer  ? 

A.    When  the  barometer  stands,  very 

e  a  2 
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low  indeed,  there  will  never  be  much 
rain ;  although  a  fin^  dxiy  will  seldom  | 
occur  at  such  times.  ' 

Q      mat  Und  of  WBATHEB  is  there  liTcely  j 
to  he' when  the  harometer  is  tjnustjai-lt  low  r"  | 
A.    Short  heavy  showers,  with  sudden  | 
squalls  of  wind  from  the  west.  , 

Q.    TVhT/  will  there  be  vebt  little  eauj  if 
the  barometer  is  vsjj&vxIjJ.y^o^'^ 

A.    Because  the  air  must  be  very 
warm,  or  very  moist,  or  perhaps  both. 

Q.  will  there  he  little  or  no  rain,  if 

the  AiB  is  very  wabm  ?       _         .     j  „„ 
A.    Because  warn  air  has  a  tendency 
to  imhihe  more  moisture,  and  not  to  part 
with  what  it  has. 

O  Why  will  there  be  little  or  no  rain,  iftU 
air  be  very  moist,  and  the  barometer  ^ery^^JJ 
A  Because  rain  will  never  fall  (even 
tho'  the  air  be  saturated)  till  cold  air  has 
been  introduced  to-  condense  the  vapour: 
And,  as  soon  as  cold  air  has  been  mtro- 
duced,  the  barometer  will  rise  instantly. 

Q.  '  Mme  the  5th   special  eule  with 
regard  to  the  barometer.  /  „  Intitr 

A.    In  summer-tme  (after  a  long 
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continuance  of  fair  weather)  the  barom- 
eter  wiU  fall  gradually  for  2  or  3  days 
before  rain  comes  :  But  if  the  fall  of  the 
mercury  is  very  sudden,  a  thunder-storm 
may  be  expected. 

^  ^  ^  SPECIAL  ETTLB  with 

regard  to  the  barometer  ? 

A.  When  the  sky  is  cloudless,  and 
seems  to  promise  fair  weather,— if  the 
barometer  is  low,  the  face  of  the  sky  will 
soon  be  suddenly  overcast. 

Q.     What  is  the  7th  SPECIAL  ettle  urith 
regard  to  the  Urometer? 

A.    Dark  dense  clouds  wHl  pass  over 
mthout  rain,   when   the  barometer  is 
}iig\ :  but  if  the  barometer  be  low,  it 
(^d°s  ^^'^^^^^^  any  appearance  of 

Q.     What  is  the  Bth  special  etoe  with 
egard  to  the  barometer  ? 

A.    The  higher  the  barometer  the 
eater  the  probabihty  of  fair  weather, 
^herf^^  ^        ^«ro«?e^^r  hi&h  in  i-inb 

A.  ^  Because  the  air  in  fine  weather 
atams  very  little  vapour.  And  the  drier 
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the  air,  the  hgher  does  the  mercury  of 
the  barometer  rise. 

Q.  •    TFJiat  is  the  9tJi  SPECIAL  etjle  with 
regard  to  the  barometer  ? 

A.  "When  the  mercury  is  m  a  nsin^ 
state,  fine  weather  is  at  hand :  But  when 
the  mercury  is  in  a  dnUng  state,  pu\ 

weather  is  near. 

Q.  Wliy  does  the  mercury  eise  at  the  ap- 
proach  of  eine  weather  ?  .      .  . 

A  Because  the  an-  is  becoming 
more  dr^ ;  and,  therefore,  its  '^re^zure  u 
increased. 

Q.  Why  does  the  mercury  sink  at  the  ap- 
proach of  EOUL  weather  ^     .     .     .       '      .  , 

A.  Because  the  air  is  laden  wiih 
vapour,  or  disturbed  by  wind. 

Q      Why  does  vapoue  in  the  air  make  the 

mercury  sink  ?  •     i     •     •     7  •  7 

A    Because  vaporized  air  is  ligliter 

than  dry  air;  and  its  ipressure  on  the 

barometer  less. 

Q.     What  is  the  10th  special  eule  with 

regard  to  the  larometer  ?        ,     ^  . .  ,     .  ^ 

A  If  (in  frosty  weather)  it  begins  to 
snow,  the  barometer  generally  rises  to 
30;  where  it  remains,  so  long  as  the 
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snow  continues  to  fall :  If,  after  this  the 
weather  clears  up,  you  may  expect 't;erv 
severe  cold.  ^ 

Q.     Row  can  you  know,  if  the  meecfbt  of 
the  barometer  he  eising  ? 

A.  When  the  top  of  the  column  is 
convex,  (i.e.  higher  in  the  middle  than 
at  the  sides),  the  mercury  is  in  a  rising 

nJi'  y^-^  i^^l  if  the  MEECUEX  of 

the  barometer  be  rALLiNG  ?  ^ 

A.    When  the  top  of  the  column  is 
com^ave  (1.  e.  hollow  in  the  middle)  the 
:  mercury  is  in  a  falling  state. 

ieisSg?        ^      '^'"'"'^^  comx,  when  it  is 

,  A.  Because  the  parts  of  the  mercury 
im  contact  with  the  tube  are  delayed  by 
tthe  capillary  attraction  of  the  dass  •  in 
(consequence  of  which,  the  middle  part 
mses  faster  than  the  sides ;  and  the 
unace  is  convex. 

u^x^^J^/  ^      "^^"^  ^^^^  it 

A.    Because  the  parts  of  the  mercury 
contact  with  the  tuhe  are  delayed  by 
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capillary  attraction;  in  consequence  of 
which,  the  middle  part  sinks  faster  than 
the  sides;  and  the  surface  is  concave.  - 
Q.     W7mt  efect  does  a  thundee-stoem  pro- 
duce on  the  weather  ? 

A.  It  is  generally  preceded  hy  hot 
weather,  and  followed  hy  cold  showery 
weather. 

Q.  VP7iat  eject  does  a  stjdbeit  chaitge  of 
temperature  produce  on  the  weather  ? 

A.  A  great  and  sudden  change 
(either  from  hot  to  cold,  or  from  cold  to 
not)  is  generally  followed  hy  rain  within 
24  hours. 

Q.  Wliy  is  a  sudden  chaiige /ro?»  hot  to 
COJjD  followed  hy  rain  ? 

A.  Because  cold  condenses  the  air  : 
and  some  of  its  vapom-  is  given  off  m  rain. 

Q.  Why  is  a  sudden  change  from  cold  to 
soil  followed  hy  rain  ? 

A.  Because  the  air  is  quickly  satura- 
ted with  moisture :  but  when  night  comes 
on,  and  chills  the  temperature,  some  pf 
the  abundant  moisture  is  given  off  m 
rain. 
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Q.  Why  is  the  air  quickly  saturated  with 
MOiaTTJHE,  when  heat  rapidly  succeeds  to  cold  ? 

A.  Because  the  evaporation  (which 
was  checked  by  the  cold)  is  carried  on 
very  rapidly  in  consequence  of  the  in- 
crease of  temperature. 

Q.     When  does  the  barometer  taet  most  ? 

A.    In  winter  time. 

Q.  Why  does  the  barometer  vary  mobe  in 
■W^INTEE,  than  in  stjmmeb  time  ? 

A.  Because  the  difference  of  temper- 
ature between  the  tomd  and  temperate 
:  zones  is  much  greater  in  winter  than  in 
:  summer ;  and  produces  a  greater  distur- 
Ibance  in  the  state  of  the  air. 

Q.     When  does  the  barometer  yaet  least  ? 

A.    In  summer  time. 

Q.     Why  does  the  barometer  vary  less  in 
BI7MMEE,  than  in  wintee  ? 

A.    Because  the  temperature  of  our 

'sland  in  summer  is  more  nearly  equal 

_   that  of  the  torrid  zone,  and  its  stat? 

s  not  so  much  disturbed  by  interchanga 

f  currents. 

Q.    Have  HEAT  am,d  cold  amy  effect  on  the 
arometer  ? 
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A.  No,  not  of  themselves ;  but  as  cold 
weather  is  generally  dry,  or  accompanied 
with  north-east  winds,  therefore  the  mer- 
cury rises  in  cold  weather  :  And  as  warm 
weather  is  generally  moist,  and  accom- 
panied  by  south-west  winds,  therefore 
the  mercury  sinks  in  warm  weather. 

Q  TVJiv  is  the  mercury  of  a  larometer 
LOWEB  in  the  toeeid,  than  in  the  rKiGiD  ''one  ?  ^ 

A.  Because  the  warm  air  of  the  torrid 
zone  contains  much  more  vaipour,  than 
the  condensed  air  of  the  frigid  zone ;  and 
the  moister  the  air,  the  less  is  its  pressure. 

Q.     In  what  MONTHS   is  the   larometer  ii 

HIGHEST?  ,       ii  • 

A.    In  May  and  August;  then  m 
June,  March,  September,  and  April. 

Q     In  what  months  is  the  larometer  lowest? 

A*  In  November  and  February  :«j 
then  in  October,  July,  December,  and|lf 

January.  '  IPi 

Q.     What  are  the  dbiest  months  ?  H  (j, 

A    March  and  June ;  then  May  afta||lei, 

August;  then  April  and  November.  i 

Q      What  are  the  vf^TTiEST!  months /" 

A.    October   and    FebruaiT;  then^^'- 
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iJuly  and  September;  then  January  and 
IDecember. 

Q.  WTiy  is  there  iess  wet  from  Maech  to 
iAxTGUST,  than  there  is  from  Augmt  to  March  ? 

A.  Because  the  heat  is  constantly 
'increasing ;  and  the  capacity  of  air  to 
absorb  and  retain  moisture  increases 
likewise. 

Q.  Why  is  there  moee  wet  from  August  to 
ftLA-ECH,  than  from  March  to  August  ? 

A.    Because  the  heat  is  constantly 

decreasing:   and  the  capacity  of  air  to 

eetain  moisture  decreases  also;  so  that 

although  it  often  rains)  yet  the  air  is 

Iways  on  the  point  of  saturation. 

Q.     What  does  a  sudden  rise  or  fall  of  the 
rometer  indicate? 

A.    If  the  rise  be  sudden,  line  weather 
pill  not  continue  long. 
If  the  fall  be  sudden,  foul  weather 
iU  not  continue  long. 

Q.     What  sort  of  weather  may  we  expect,  if 
se  oarometer  is  very  rLUCTUATiifG  ?  ' 

A.  If  the  mercury  fluctuates  much, 
|oe  weather  will  be  very  changeable  and 
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The  fall  of  the  barometer. 

In  very  /w<  weather,  the  fall  of  the  mercury  denotes  thunder. 
otherwise,  tiie  sudden  falling  of  the  barometer  denotes  high 
wind. 

In /roi^y  weather,  the  fall  of  the  barometer  denotes  thaw. 

If  wet  weather  happens  soon  after  the  fall  of  the  barometer, 
expect  but  little  of  it. 

In  wet  weather,  if  the  barometer  falls,  expect  much  wet. 

In  fair  weather,  if  the  barometer  falls  and  remains  low, 
expect  much  wet  in  a  few  days,  and  probably  wind.  . 

N.B.  The  barometer  sinks  lowest  of  all  for  wind  and  rain 
together ;  next  to  that  for  wind,  (except  it  be  an  east  or  north- 
cast  wind.) 

The  RISE  op  the  barometer. 

In  winter,  the  rise  of  the  barometer  presages  frost. 

In  frosty  weather,  the  rise  of  the  barometer  presages  snow. 

If  fair  weather  happens  soon  after  the  rise  of  the  barometer, 
expect  but  little  of  it.  , .  ,  •■ 

In  wet  weather,  if  the  mercury  rises  high  and  remains  so, 
expect  continued  j^we  in  a  day  or  two.         , .  ,  » 

In  wet  weather,  if  the  mercury  rises  suddenly  very  high,  fine 
weather  will  not  last  long.  ,  „  ,        r.     .  . 

N.B.  The  barometer  rises  highest  of  all  for  north  and  east 
wind;  for  all  o</ter  winds  it  siaks. 

The  barometer  UNSETTLED. 
If  the  motion  of  the  mercury  be  unsettled,  expect  nnsetUed 

If  it  stand  at  "  much  rain"  and  rise  to  "  changeable," 
expect  fair  weather  of  short  continuance.  .     ,  - 

If  it  stand  at  "  fair"  and  faU  to  "  changeable,  expect  j|r 

/o«/^  weather.  .      ,  v   <•  ■ 

N.B.  Its  motion  upwards,  indicates  the  approach  of  hne 
weather;  its  motion  ifownwara's,  indicates  the  approach  o.t  louJ 

weather 
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CHAPTER  XXIV. 

SNOW.  HAIL.  RAIN. 

Q.     TFTiat  is  smw  ? 
A.    The  condensed  vapour  of  the  air 
Jrozen,  and  precipitated  to  the  earth. 
Q.     TFhat  is  the  cause  of  bnow  ? 
A.    When  the  air  is  nearly  saturated 

ioi  air,  below  freezing  point,  some  of  the 

Q.    ^!/ does  amv fall  in  muT^^Hmef 
A.    Because  the  suns  rays  are  ton 
M^ue  to  heat  the  surface  of  ^the  cLS 
d  as  the  earth  has  but  little  heat  to 
diate  into  the  air)  the  air  is  very  coli 

SJ.     TThat  zs  the  cause  of  sleet  ? 

A.  When  flakes  of  snow  (in  their 
escent)  pass  through  a  bed  of  air  abZ 
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freezing  point,  they  partially  melt ;  and 
fall  to  the  eaxth  as  half-melted  snow,  or 
sleet. 

Q.     WTiat  is  the  use  of  SKOW  ? 

A.    To  keep  the  earth  warm,  and  to 

nourish  it. 

Q.     Wht/  does  snow  Jceep  the  eaeth  -warm  ? 

A.    Because  it  is  a  had  coiu 

ductor ;  in  consequence  of  which,  when 
the  earth  is  covered  with  snow,  its  tem- 
perature very  rarely  descends  Mow 
freezing  point,  even  when  the  air  is  15 
or  20  degrees  colder. 

Q.  Tell  me  the  words  of  the  Psalmist  (cxIyu. 
16)  respecting  snow ;  and  explain  what  he  means. 

A.  The  Psalmist  says—"  The  Lord 
giveth  snow  hke  wool ; "  and  he  means 
not  only  that  snow  is  white  like  wool, 
but  that  it  is  also  warm  as  wool. 

Q.     TFhi/  is  WOOL  wa-Em:  ? 

A.  Because  air  is  entangled  among 
the  fibres  of  the  wool :  and  air  is  a  very 
had  conductor. 

Q.      W7l1/  is  SNOW  WABM  ? 

A.  Because  air  is  entangled  among 
the  crystals  of  the  snow;  and  air  is  a 
Tery  lad  conductor. 
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Q.     Wliy  does  snow  noueish  tie  ewrtJi  ? 

A.  Because  it  supplies  moisture  con- 
taining carbonic  acid ;  which  penetrates 
slowly  into  the  soil,  and  insinuates  itself 
through  every  clod,  ridge,  and  furrow, 
when  the  snow  melts. 

Q.     Why  is  there  no  snow  in  summek  time  ? 

A.  _  Because  the  of  the  earth  melts 
it  in  its  descent,  and  pre  -«ints  it  from 
reaching  the  smface  of  the  earth. 

Q.     JVhy  are  some  mountains  aiwats  cov- 

EEED  with  SNOW  ? 

A.  1st — Because  the  air  on  a  high 
mountain  is  more  rarefied;  and  as  rare- 
fied air  retains  much  heat  in  a  latent 
state,  it  abstracts  heat  from  adjacent 
bodies  more  rapidly  than  condensed  air 
would  :  and 

Sndly— Mountain  tops  are  not  sur- 
^  rounded  by  earth,  to  radiate  heat  into  the 
lair:  and,  therefore,  the  snow  is  not 
smelted  in  its  descent,  but  falls  on  the 
I  mountain  and  lies  there. 

Q-       JVhi/  is  SNOW  WHITE  ? 

A.    Because  it  is  formed  of  an  infinite 
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number  of  very  minute  crystals  and 
prisms,  which  reflect  all  the  component 
rays  of  which  white  light  consists. 

The  same  answer  applies  to  salt,  loaf  sugar,  &o.   [Seep.  419.) 

Q.     What  is  HAIL  ? 

A.  Rain,  which  has  passed  in  its 
descent  through  a  cold  hed  of  air,  and 
has  been  frozen  into  ice. 

Q.  WTiat  makes  one  hed  of  air  colpeb  than 
another ? 

A.  The  causes  are  not  perfectly 
known ;  electrical  action  is  most  probably 
among  them. 

Q.  Why  is  hail  frequently  accompanied 
with  THTJNDEE  and  lightning  ? 

A.  1st — Because  the  congelation  of 
water  into  hail,  disturbs  the  electricity 
of  the  air :  and 

gndly — The  friction  (produced  by  the 
fall  of  hail)  may  possibly  excite  it  still 
more. 

Q.     Why  does  kail  fall  generally  in  stjiimeb 

and  ATJTTTMN  ? 

X,  1st— Because  the  air  is  more 
highly  electrified  in  summer  and  autumn, 
than  in  winter  and  spring :  and 
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Sndly — The  vapours  in  summer  and 
autumn  (being  rarefied)  ascend  to  more 
elevated  regions,  which  are  colder  than 
those  nearer  the  earth. 

Q.     What  TWO  things  are  essential  to  cause 

A.  ^  Two  strata  of  clouds  having 
opposite  electricities,  and  two  currents  of 
wind.  The  lower  cloud  containing  resin- 
haH  precipitated  in 

Q.     TPliat  is  EAiw  ? 

A.  The  vapour  of  the  clouds  or  air 
condensed,  and  precipitated  to  the  earth. 

Q.  When  is  the  vapour  of  the  air  or  clouds 
PBECipiTATED  in  hail,  rain,  or  snow? 

A.    When  the  an  is  saturated  with 
vapour,  and  a  cold  current  condenses  it  it 
IS  then  no  longer  able  to  hold  allits  vapour 
iin  solution,  and  some  of  it  falls  as  rain. 

Q.     Whi/  does  -RAIN  fall  in  deops  ? 

ixv^*  ^^^c^^se  the  vapoury  particles  in 
tthen  descent  attract  each  other;  and 
I  those  which  are  sufficiently  near,  unite, 
and  lorm  into  drops. 
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Q.     W7ii/  does  not  the  cold  of  ttigh 
AX  WAYS  cause  rain  ? 

A.  Because  the  air  is  not  always 
near  saturation :  And  unless  this  be  thet 
lase,  it  will  be  able  to  hold  its  vapouii 
m  solution,  even  after  it  has  been  con-i 
densed  by  the  chilly  night. 

Q.     Wliy  does  a  passing  olotjd  often  d/ro^ 

EAIN? 

A.  Because  it  comes  in  contact  withj 
cold,  air,  which  chills  it ;  and  its  vapouri: 
being  condensed,  falls  to  the  earth  a^i 
rain. 

Q.     Whj  are  baiit-dbops  sometimes  much 
XAE&EE,  than  at  othee  times  T 

A.    Because  the  rain-cloud  is  floating 
near  the  earth;  when  this  is  the  case,th(j| 
drops  are  large,  because  such  a  cloud  is 
much  more  dense,  than  one  more  elevated 

The  size  of  the  rain-drop  is  also  increased,  according  to  th"  '  i  ii 
rapidity  with  which  the  vapours  are  condensed. 

Q.     Does  not  wind  sometimes  inoseasb  tl\  f  < 
BiZE  of  rain-drops  ? 

A.    Yes;   by  blowing  two  or  mon 
drops  into  one.  1 1 

Q.     Why  do  CLOUDS  fall  in  eaint  weather .»  1  ^( 
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A.  1st — Because  they  are  heavy  with 
abundant  vapour :  and 

2ndly — The  density  of  the  air  being 
^iminished,  is  less  able  to  buoy  the  clouds 

Q.  How  do  you  kno-w,  that  tie  deis-sitt  of 
he  air  is  diminished  in  eaint  weather  ? 

k.  Because  the  mercury  of  a  barom- 
ter  Jalh. 

Q.  Why  is  EAiN-WATEE  more  eeetiliziitg 
n  :Bxni£P-water  ?  ' 

A.  1st — Because  it  contains  more 
arbonic  acid :  and 

2ndly— It  contains  a  small  quantity 
'f  ammonia,  with  which  it  supplies  tha 
oung  plants. 

Q.     Why  does  UAjs  ptjeiet  the  aie  ? 
A.    1st — Because  it  dissolves  the  nox- 
us  exhalations  collected  in  the  air  as  it 
alls. 

2ndly— It  mixes  the  an-  of  the  upper 
gions  with  that  of  the  lower  regions: 
nd 

3rdly— It  washes  the  earth,  and  sets  in 
otion  the  stagnant  contents  of  sewers 
a  ditches. 
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Q.  Why  are  MOUiTTAiirous  countries  more 
EAINT,  than  flat  ones  ? 

A  Because  the  air  (striking  against 
the  sides  of  the  mountains)  is  carried  up 
the  inclined  plane,  and  brought  in  contact 
with  the  cold  air  of  the  higher  regions : 
in  consequence  of  which,  its  vapour  is 
condensed,  and  deposited  in  rain. 

Q.     Why  does  a  sponge  swell,  when  it  it 

WETTED  ? 

A.  Because  the  water  penetrates  the 
fores  of  the  sponge  by  capillary  attraction, 
and  di'ives  the  particles  further  from  each 
other  :  in  consequence  of  which,  the  hulk 
of  the  sponge  is  greatly  increased. 

Q.  TFTiy  do  EiDDLE-s^nnys  snap  in  wet 
weather  ? 

A.  Because  the  moisture  of  the  air 
(penetrating  the  strings)  causes  them  to 
swell;  and  (as  the  cords  thicJcen)  their 
tension  is  increased,  and  the  strings  snap. 

Q,     Why  does  papeb  ptjckeb,  when  it  is 

WETTED  ?  1        r  3 

A.  Because  the  moisture  is  absorbed 
unequally  by  the  paper,  and  some  parts 
are  more  enlarged  than  others ;  in  cott- 
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sequence  of  which,  the  paper  blisters  or 
puckers. 

Q.  W7i^  do  the  weatTier-toys  (called  oap'f- 
OHINS)  lift  a  cowl  over  the  figures  in  wet  weather ^ 
and  remove  it  in  dry  ? 

A.  Because  the  cowl  of  the  cap'uchin 
is  attached  to  a  piece  of  cat-gut  in  such 
a  manner,  that  when  the  cat-gut  is 

■  shortened  by  moisture,  it  pulls  the  cowl 
up  :   but  in  dry  weather  the  string  is 

1  loosened,  and  the  cowl  falls  down  by  its 

t  own  weight. 

Q.  In  another  weather  toy,  the  mak  comes 
tout  in  WET  weather,  and  the  lady  in  pine  •  Why 
I «  this  ?  " 

A.  Because  the  two  figures  are  at- 
ttached  to  a  piece  of  cat-gut  in  such  a 
imanner,  that  when  the  cat-gut  is  moist 
it  twists  the  man  out ;  but  when  it  is 
\loosened,  the  figures  turn  in  the  opposi*^^e 
''''rection. 

Q.     Why  are  wet  stockings  difficttlt  to 

XL  ON? 

A.  1st — Because  the  moisture  pene- 
rates  the  threads  of  the  stockings,  and 
causes  them  to  shrink  in  size :  and 
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Sndly — Because  the  moisture  causes^* 
the  stockings  to  adhere  to  our  feet. 

Q.  Which  are  the  most  eaistt  towns  in\ 
England  ?  I 

A.  Keswick  (in  Cumberland) :  audi 
then  Kendal,  (a  mai'ket  town  in  West-[ 
moreland.) 

In  Keswick,  about  63  inclies  -of  rain  fall  in  a  year.  In  Kenda 
68  ;  Manchester,  38  ;  Liverpool,  34;  Dublin  and  Cambridge,  25 ;1 
Lincoln,  24  ;  London,  21  ;  and  in  Paris  only  18.  '  I 

Q.  1)1  which  PAET  of  the  day  does  the  mostI 
BAIN /aZZ  f 

A.  More  rain  falls  by  night,  than 
day;  because  the  cold  night  co7i<i(37is«sl 
the  air ;  and  diminishes  its  capacity  fori 
holding  vapour  in  solution. 

Q.     Does  more  rain  fall  in  summee  or  inl 

WINTEE  ?  s  I 

A.  There  are  more  raimj  days  fromi 
September  to  March :  but  heavier  rains| 
between  March  and  September. 

Q.     Whi/  are  there  moee  eaint  days  frc 
Septemher  to  March,  than  from  March  to  Sep- 
tember ? 

A.  Because  the  temperature  of  the! 
air  is  constantly  decreasing  ;  and  as  its  ca-j 
pacity  for  holding  vapour  decreases  also, 


WATER. 


359 


it  is  frequently  obliged  to  part  with 
some  of  its  vapour  in  rain. 

Q.     In  what  PART  of  the  "WOELD  does  EAIK 

fall  MOST  ABTJNDANTIT  ? 

A.    Near  the  equator  ;  and  the  quan- 
tity of  rain  decreases  as  we  approach  the 
oles. 

1  There  are  fewer  rainy  days,  altho'  more  rain  actuaUy  falls  during. 
ie  wet  season  of  the  equator— than  falls  in  twelve  months  at  any 
her  part  of  the  globe,  ' 
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Q.     Of  what  is  WAT  EE  composed? 
A.    Of  two  gases,  oxygen  and  hydro- 
■en. 

In  9  lbs.  of  water— 8  are  oxygen,  and  one  la  hydrogen. 
Q.       Why  is  WATEE  FLUID  ? 

A.  Because  its  particles  are  kept 
parate  by  latent  heat:  When  a  cer- 
in  quantity  of  this  latent  heat  is  driven 
■ut,  water  becomes  §oHd,  and  is  called  ice. 

•^Hont^'^-''*-  '^i'"^  particles  of  water  are  agaia 

noed  into  mvtnile  tteam. 
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Q.     Why  is  PTTMP  water  called  "  hard  water?" 

A.  Because  it  is  laden  with  foreign 
matters,  and  will  not  readily  dissolve 
substances  immersed  in  it. 

Q.     What  mahes  vvMP-water  hard  ? 

A.  When  it  filters  through  the  earth 
it  hecomes  impregnated  with  the  sulphate 
and  carbonate  of  lime,  as  well  as  with 
many  other  principles  derived  from  the 
earths  and  minerals  with  which  it  comes 
in  contact. 

Q.     WJiat  is  the  cause  of  mineral  springs  ? 

A.  When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substan- 
ces with  which  it  comes  in  contact :  if 
the  substances  are  metallic,  the  water 
will  partake  of  their  mineral  character. 

Some  -wateris  imbued  with  lime;  some  with  salt,  &c.,  &c. 

Q.  Why  is  it  difficult  to  wash  our  hands 
clean  with  hard  water  ? 

A.  Because  the  soda  of  the  soap 
combines  with  the  sulphuric  acid  of  the 
salts  of  hard  water, — and  the  oil  of  the 
soap  with  the  Zme— and  floats  in  flakes 
on  the  top  of  the  water. 

N  J3.  —Sulphate  of  lime  consists  of  sulphuric  acid  and  lime. 
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Q.     Why  is  it  difficult  to  wash  vn  salt 

WATEB  ? 

A.  Because  it  contains  saline  matters, 
which  deprive  the  water  of  a  portion  of 
its  solvent  power. 

Q-     What  is  the  cause  of  PETEiPACTioiirs  ? 

A.  While  water  flows  underground 
iits  impurities  ai'e  held  in  solution  by  the 
{presence  of  carbonic  acid;  but  wher 
tthe  stream  reaches  the  open  air,  its  car- 
Ibonic  acid  escapes,  and  these  impurities 
fare  precipitated  on  various  substances. 
Hying  in  the  course  of  the  stream. 

These  impurities  are  especiaUy  carbonate  of  lime  and  iron. 

Q-     Why  does  a  blacb:  hat  tm^n  bed  at  the 

SEA  SIDE  ? 

A.  B  ecause  chloride  of  iron  is  formed 
by  chemical  action,  between  the  compo- 
nents of  iron  and  the  chlorine  existing  in 
the  dye  and  sea  aii-;  the  chloride  of  iron 
afterwards  decomposes,  and  forms  perox- 
dde  of  iron,  which  causes  the  rusty  hue. 

Q.     Of  what  is  SOAP  made  ? 

A.    Of  kelp  (or  the  ashes  of  sea^weed 
ed  and  burnt  in  a  pit)  mixed  with  oil 
r  fat. 

Teilow  8oap  la  made  of  whale-oil,  8oda,  and  restn.  Sorr  Soap 
rfoUandpotJub-   Haou  Soa*  of  oil  wul  Boda.  ,  » 
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Q.     WJiy  does  WATEE  CLEAN-  dirfi/  xrcTEir  ? 
A.    Because  it  dissolves  the  stains,  as 

it  would  dissolve  salt. 

Q.     Why  does  SOAP  greatly  inceease  tJi 
cleansing  power  of  water  f 

A.    Because  many  stains  are  of  i 
greasxj  nature ;  and  soap  has  the  powei 
of  uniting  with  greasy  ^  matters,  an'*^ 
rendering  them  soluble  in  water. 

Q.       WTiy  is  EAIN  WATEE  SOET  ? 

A.  Because  it  is  not  impregnatec 
with  earths  and  minerals. 

Q.  Why  is  it  moee  east  to  wash  with  sou 
water,  than  with  hard  ?  /.     i    '  • 

A.  Because  soft  water  unites  freel]  ite 
with  soap,  and  dissolves  it;  instead  o:  igar, 
decomposing  it,  as  hard  water  does. 

Q.     Why  do  WOOD  ashes  malce  haed  watei 

^  1st — A  double  decompositio 
takes  place  :  the  carbonate  of  potass#/J 
in  the  ashes,  and  the  sulphate  of  hme  u  % 
the  water  unite,  and  form  mto  sulphate 
of  potassa  and  carbonate  of  hme. 

2ndly— Wood  ashes  convert  some  o: 
the  soluble  salts  of  water  into  insoluble 
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,:and  throw  them  down  as  a  sediment: 
iby  which  means  the  water  is  rendered 
iimore  pure. 

Q.  Whi/  Jias  TLAXS-water  such  an  unpleasant 
jItell,  wTien  collected  in  a  tub  or  tanh  ? 

A.    Because  it  is  impregnated  with 
i^lecomposed  organic  matters,  washed  from 
'  •oofs,  ti-ees,  or  the  casks  in  which  it  is 
!oUected. 

Q.     WTiy  does  WATEE  MELT  STTGAB  and  SALT  ? 

A.  ^  Because  very  minute  particles  of 
yater  insinuate  themselves  into  the  pores 
ff  the  sugar,  by  capillary  attraction  :  and 
inite  with  the  minute  atoms  of  the 
agar. 

Q.     Why  does  melted  sugae  or  salt  aive  a 
GAVOTTE  to  water  ? 

A.  ^  Because  the  sugar  or  salt  (being 
Ksunited  into  very  minute  particles) 
")a^s  about  the  water,  and  mixes  with  it 
ttimately. 

.  Q.     Wliy  does  hot  water  melt  sugar  and  salt 
ICKLEE  than  COLD  water  ? 

'A.  Because  the  lieai  (entering  the 
nres  of  the  sugar  or  salt)  opens  a  passage 
r  the  water, 

I  a  % 
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O      Whi  is  IracMsh?  ^ 

A  Because  it  holds  in  solution  a 
quantity  of  saline  matter,  of  which  com- 
mon  salt  is  the  principal  ingredient 

grains  of  other  saline  matter. 

Q  Why  is  NOT  nAiTT-M^a^er  sjllt,  aZiAo^yA 
^osi  0/    is  evaporated  from  tJie ^^^^i 

A  Because  sahne  matter  mil  not 
evaporate:  and,  therefore,  when  sea- 
water  is  turned  into  vapoui',  its  salt  is 

left  behind. 

O      Whi  does  STAdNA^TT  water  puteeft  !» 

A.  Because  leaves,  _  plants,  msects^ 
&c.,  are  decomposed  m  it.  ■         |  . 

4      Wly  is  STAGKANT  Wafer  full  of  yro^mM  J 

""rfeL.e  numberless  insects  lay  * 

tWr  eqqs  in  the  leayes  and  plants  float-  •« 

5  on  the  surface  ;  these  eggs  are  s»  4 
hatched,  and  produce  swa.-ms  of  woims 

'"q  «  .Lo™.  — 

'"r^Slause  its  currents  ca.^  awa,  ^1 
all  oontamimtiiy  substances  to  the  sea 
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las  fast  as  they  appear  in  it;  and  there 

'they  ai'e  diffused  through  so  large  a  mass 

L  of  fluid,  that  they  become  inappreciable. 

Q.  Why  does  EtrNNLNG  water  oscii>i,ate  and 
VWHIEL  in  its  current  ? 

A.  1st — Because  it  strikes  against 
tthe  hanlcs,  and  is  perpetually  diverted 
"  om  its  forward  motion  :  and 

Sndly — Because  the  centre  of  a  river 
flows  faster  than  its  sides. 

Q.  Why  do  the  sides  of  a  river  flow  more 
JABDILT  than  its  centbe  ? 

A.    Because  they  ruh   against  the 
a?iks,  and  are  delayed  in  thek  current 
;)y  friction. 

Q.     Why  does  soapt  water  bubble  ? 
^  A.    Because  soap  makes  water  tena- 
ious ;  and  prevents  the  bubbles  from 
mrsting,  as  soon  as  they  are  formed. 
Q.    Why  will  not  water  iziJJZe  without  soap  ? 
A.    Because  it  is  not  tenacious  enough 
hold  together  the  bubbles  that  are 
rmed. 

Q.     When  SOAP-BUBBLES  are  blown  from  a 
Ipe,  why  do  they  ascend  ? 

A.    Because  they  are  filled  tvith  the 
aim  breath,  which  is  lighter  than  air 
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Q      Wliat  is  ICE  ? 

A.  Frozen  water.  Wlien  the  tem- 
perature of  the  air  is  reduced  to  32 
degrees,  water  will  no  longer  remain  m 
a  fluid  state. 

Q.    Wliy  is  SOLID  ICE  lightee  tlan  watee  ? 

A.  Because  water  expands  by  freez- 
ing: and  as  its  hulh  is  increased,  its 
gravity  must  be  less. 

Nine  cubic  inches  of  -water  become  ten  \rben  frozen. 

Q.  Why  do  ewees  beeak  in  a  eeostt 
night?  .     .  - 

A.    Because  the  water  m  i\\em  freezes  ; 

and  {expanding  by  frost)  bursts  the  ewers 
to  make  room  for  its  increased  volume. 

Q.  Why  does  it  not  expand  upwaeds  (lih 
hoilinq  water)  and  etjn  OTEE  ? 

A     Because  the  surface  is  frozen  first, 
and  the  frozen  surface  acts  as  a 
which  is  more  difficult  to  burst,  than  the 
earthen  'jwer  itself 
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Q.     Why  do  TILES,  STONES,  and  BOOKS,  often 
SPLIT  in  winter  ? 

A.    Because  the  moisture  in  them 

freezes;  and  (expanding  by  frost)  splits 

the  solid  mass. 

Q.  '  In  lointer-time,  ■EOOT-'MA-KKS  and  wu^^Ij- 
E0TS  are  often  covered  with  an  icy  ket-wokk, 
through  the  interstices  of  which  the  soil  is  clearly 
seen, — "Why  does  the  water  freeze  in  nbt-wouk? 

A.    Because  it  freezes  first  at  the 
sxdes  of  the  foot-prints :  other  crystals 
g/adually  shoot  across,  and  would  cover 
the  whole  surface,  if  the  earth  did  not 
.  absorh  the  water,  before  it  had  time  to 
;  freeze, 

Q.  In  winter  time,  these  foot-maeks  and 
■  WHEEL-ETTTS  are  sometimes  covered  with  a  perfect 
(SHEET  of  ice,  and  not  an  icy  net-work,— Whu  is 
:this?  >  j 

A.    Because  the  air  is  colder,  and'the 
tearth  harder,  than  in  the  former  case ;  in 
(consequence  of  which,  the  entire  surface 
(of  the  foot-print  is  frozen  over,  before  the 
earth  has  had  time  to  absorb  the  water. 

Q.  TFhy  is  not  the  ice  solid  in  these  ruts  ? 
—  WnT  IS  there  only  a  very  thin  eilm  or  net- 
wosKo/ice/ 
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gndly — Tlie  ice  on  the  surface  acts  as 
a  shield,  to  prevent  cold  air  from  penetra- 
ting through  the  river,  to  freeze  the  water 
below  the  surface. 

Q.  Wliy  does  watee  teeezb  at  the  stte- 
FACE^rs*  f 

A.  Because  the  surface  is  in  contact 
with  the  air,  and  the  air  carries  away  its 
heat. 

Q.  WJiy  does  the  coat  of  ice  grow  thickeb 
and  THICKEE,  if  the  frost  continues? 

A.  Because  the  heat  of  the  water 
(immediately  below  the  frozen  surface) 
passes  through  the  pores  of  the  ice  into  the 
cold  air. 

Q.  Why  are  not  whole  eivees  eeozes 
(layer  ly  layer),  till  they  leconie  solid  ice  ? 

A.  Because  water  is  so  slow  a  con- 
ductor, that  our  frosts  never  continue 
long  enough  to  convert  a  whole  river  into 
a  solid  mass  of  ice. 

Q.  Why  does  not  eunning  water  freeze  so 
FAST  as  STILL  Water  ?  •        r  t, 

A.  Because  the  rapid  motion  of  the 
current  prevents  the  crystals  from  form- 
ing into  a  continuous  surface. 
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Q.  IV hen  ETJSTNrN'G  water  is  peozek,  why 
is  the  ICE  generally  very  eough  ? 

A.  Because  little  flakes  of  ice  are 
first  formed  and  carried  down  the  strean:, 
till  they  meet  some  obstacle  to  stop  them; 
then  other  flakes  of  ice  (impinging  against 
them)  ai-e  arrested  in  hke  manner :  and 
the  edges  of  the  different  flakes  overlap- 
ing  each  other,  make  the  surface  rough. 

Q.  Wliy  do  SOME  parts  of  a  river  ebeezh 
LESS  than  others  ? 

A.  Because  springs  issue  from  the 
bottom;  and,  bubbling  upwards,  thaw 
the  ice,  or  make  it  thin. 

Q.  When  persons  pall  into  a  river  in  winter, 
vihy  does  the  "WATEja  feel  comparatively  -waem  ? 

A.  Because  the  frostij  air  is  at  least 
10  or  12  degrees  colder  than  the  water. 

The  frozen  river  below  its  surface  is  at  least  40d  :  but  the  air  32o. 
or  even  less.  ♦ 

Q.     Why  is  SHALLOW  water  teozen  more 
QTTICKLT  than  DEEP  water  ? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  40  degrees,  before  its 
mrjace  can  be  frozen:  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of 
water,  than  a  shallow  one. 

Q.      Why  is  SEA-WATBB  BAfiELT  FEOZEN  ? 
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gndly — The  ice  on  the  surface  acts  as 
a  shield,  to  prevent  cold  air  from  penetra- 
ting through  the  river,  to  freeze  the  water 
below  the  surface. 

Q.  Wliy  does  watee  teeezb  at  the  svu- 
■EACEjlrst  t 

A.  Because  the  surface  is  in  contact 
with  the  air,  and  the  ak  carries  aioaij  its 
heat. 

Q.  Will/  does  the  coat  of  ice  grow  thickeb 
and  THIOKEE,  if  the  frost  continues? 

A.  Because  the  heat  of  the  water 
(immediately  below  the  frozen  surface) 
passes  through  the  pores  of  the  ice  into  the 
cold  air. 

Q.  Why  a/re  not  whole  eivees  eeozew 
(layer  ly  layer),  till  they  lecome  solid  ice  ? 

A.  Because  water  is  so  slow  a  con- 
ductor, that  our  frosts  never  continue 
long  enough  to  convert  a  whole  river  into 
a  solid  mass  of  ice. 

Q.  Why  does  not  EUNNiNa  water  freeze  so 
FAST  as  STiLii  water  ? 

A.  Because  the  rapid  motion  of  the 
current  prevents  the  crystals  from  form- 
ing into  a  continuous  surface. 
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Q.     WJien  EUNKrcTG-  water  is  peozeit,  why 
is  the  ICE  generally  very  bough  ? 

A.  Because  little  flakes  of  ice  are 
first  formed  and  carried  down  the  stream, 
till  they  meet  some  obstacle  to  stop  them; 
then  other  flakes  of  ice  (impinging  against 
them)  ai-e  arrested  in  hke  manner :  and 
the  edges  of  the  difi'erent  flakes  overlap, 
ing  each  other,  make  the  surface  rough. 

Q.  Wliy  do  SOME  parts  of  a  river  ekeezb 
LESS  than  others  ? 

A.  Because  springs  issue  from  the 
bottom;  and,  bubbhng  upwards,  thaw 
the  ice,  or  make  it  thin. 

Q.  When  persons  fajll  into  a  river  in  winter, 
V3hy  does  the  "WATEE/eeZ  comparatively  waem  ? 

A.  Because  the  frostij  air  is  at  least 
10  or  12  degrees  colder  than  the  water. 

The  frozen  river  below  its  surface  is  at  least  40o ;  but  the  air  32o. 
or  even  less.  '  • 

Q.     Why  is  SHALLCw  water  feozek  more 
QTJICKLT  than  DEEP  water  ? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  40  degrees,  before  its 
surface  can  be  frozen:  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of 
water,  than  a  shallow  one. 

Q.      Wiy  is  SEA-WATBtt  BAEELY  FEOZEN  ? 
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A.  1st — Because  the  mass  of  water 
IS  so  great,  that  it  requires  a  veiy  long 
time  to  cool  tb.'^  whole  volume  down  to 
40  degrees : 

2ndly — The  ehh  and  flow  of  the  sea 
interfere  with  the  cooling  influence  of 
the  air:  and 

3rdly — Salt  water  never  freezes,  tOl 
the  surface  is  cooled  down  4  or  6  degrees 
below  the  freezing  point  of  fresh  water. 

Q.     Why  do  some  lakes  baeelt  ( if  ever) 

FEEEZE  ? 

A.  1st — Because  they  are  very  deep : 
and 

2ndly — Because  their  water  is  supplied 
by  springs,  which  bubble  from  the  bottom. 

Q.  Why  does  the  depth  of  water  betaed 
its  freezing  ? 

A.  Because  the  whole  volume  of  water 
must  be  reduced  to  40  degi'ees,  before 
the  surface  will  freeze :  and  the  deeper 
the  water,  the  longer  it  will  be  before  the 
whole  volume  is  thus  reduced. 

Q.  WJiy  do  sPBrfTGS  at  the  hottom  of  a  lake 
PEE  VENT  its  freezing  ?  , 

A.  Because  they  continually  send 
ioxih.  fresh  water,  which  prevents  the  lake 
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Ifrom  being  reduced  to  the  necessary 
I  degree  of  coldness. 

Q.  It  is  COLBEE  in  a  tha"W  tlian  in  a  peo^t. 
i  Explain  the  reason  of  this. 

A.  When  frozen  water  is  thawed.,  it 
6ahsorhs  heat  from  the  air,  &c.,  to  melt 
tthe  ice:  in  consequence  of  which,  the 
fcheat  of  the  air  is  greatly  reduced. 

Q.  It  is  WAEMEB  in  a  feost  than  in  a 
TTRAW.    Explain  the  reason  of  this. 

A.  When  water  freezes,  it  gives  out 
Uatent  heat ;  and  as  muoh  heat  is  libera- 
:(ted  from  the  water  into  the  atmosphere, 
fche  air  feels  waimer.    (See  N.  B.  p 

m.) 

Q.  Saxt  DissoLTES  ICE.  Uxplain  the  reoson 
ITf  this. 

A.    Water  freezes  at  32°,  but  salt  and 
■•vater  will  not  freeze  till  the  air  is  4  or  5 
degrees  colder;  if,  therefore,  salt  be  added 
/im.-^  frozen  water,  it  dissolves  the  ice. 
i^l     Q.     Will  anything  dissolve  ice  besides 

"  JAIT  ? 

A.    Yes  ;  any  acid,  such  as  sulphuric 
eid,  nitric  acid,  &c. 

thing  yih'rh  wr  i  very  strong  aflnlty  {or  water  -will  Uquety  ice. 
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Q.  Wliy  is  a  mixture  of  salt  and  snow 
colder  than  snow  itself? 

A.    Because  salt  dissolves  the  crystal 
of  snow  into  a  fluid:  And  whenever 
solid  is  converted  into  a  fluid,  heat  is  ah 
sorhed,  and  the  cold  made  more  intense, 

Q.    IVliT/  does  TEG  ST  make  the  eaeth  ceack  f 

A.    Because  the  water  absorbed  i 
warm  weather,  expanding  by  the  frost 
thrusts  the  particles  of  earth  apart  fro 
each  other,  and  leaves  a  chink  or  crack 
between. 

Q.  Shew  the  wisdom  of  GrOB  in  this  or- 
rangement. 

A.  These  craclis  in  the .  earth  let  in 
air,  dew,  rain,  and  many  gases  favoui'able 
to  vegetation. 

Q.    Why  does  the  eaeth  oetjmble  in  sPEiira  ? 

A.  Because  the  ice  of  the  clods 
dissolves;  and  the  particles  of  earth 
(thrust  apart  by  the  frost)  being  left 
unsupported,  tumble  into  minute  parts, 
as  soon  a,s  their  cement  of  ice  is  dissolved. 

Q.     WTiy  does  moetae  oeumble  away  in 

PEOST  ? 

A.    Because  it  was  not  dried  in  the 
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\warm  weather:  therefore,  its  moisture 
freezes,  expands,  and  thrusts  the  particles 
>away  from  each  other;  but  when  the 
1  frost  breaks  up,  the  luater  condenses,  and 
1  leaves  the  mortar  full  of  cracks  and  chinks. 

Q.  TPTii/  does  STUCCO  peel^ojw  a  wall  in 
IFEOSTT  iveatlier  ? 

A.  Because  the  stucco  was  not  dried 
tin  the  loarm  iveather  ;  therefore,  its  mois- 
ttm-e  freezes,  expands,  and  thrusts  the 
fparticles  away  from  the  wall:  but,  as 
ssoon  as  the  water  condenses  again  from 
aa  thaw,  the  stucco  (being  unsupported) 
ffalls  hy  its  own  weight. 

Q.  Why  cannot  buicklatees  and  plastbe- 
;ee8  work  in  frosty  weather  ? 

A.  Because  frost  expands  mortar, 
land  causes  the  bricks  and  plaster  to 
Uart  from  their  position. 

Q.     Why  do  BEICKLATEE3  cov'er  their  work 
Ith  STEAW  in  spring  and  autumn  ? 

A.    Because  straw  is  a  non-conductor, 
ind  prevents  the  mortar  of  their  new 
ork  from  freezing,   during  the  cold 
nights  of  spring  and  autumn. 
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Q.  WTiy  are  watee-pipes  often  tovered 
tvitJi  STEAW  in  winter-time  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  water  of  the  -pipes 
from  freezing ,  and  bursting  the  pipes. 

Q.     WTiy  are  delicate  teees  covered  with 

BTEAW  in  WINTEE  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  sap  of  the  tree  from 
being  frozen. 

Q.  Can  "WATEE  he  feozen  iT^  any  way  bb» 
BIDES  ly  frosty  weather  ? 

A.    Yes ;  in  very  many  ways.  For 

example — a  bottle  of  water  wrapped  in 

cotton,  and  frequently  wetted  with  etlur^ 

will  soon  freeze. 

Q.  Why  would  WATEE  eeeeze  if  a  lottle 
were  kept  constantly  wetted  with  ethee  ? 

A.  Because  evaporation  would  carry 
off  the  heat  of  the  wate'.,  and  reduce  it 
to  freezing  point. 

Q.  Why  does  WAlTsE  freeze  under  the  EB- 
CEIVEE  of  an  AiE  pump,  when  ether  is  present 
and  the  air  exhausted  ? 

A.  Because  evaporation  is  very  greatly 
increased  by  the  diminution  of  atmospheric 
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pressure  ;  and  the  ether  evaporating  very 
rapidly,  produces  sufficient  cold  to  freeze 
the  water, 

FREEZING  MTXTiniES. 

1.  If  nitre  be  dissolved  in  water,  tlie  lieat  of  the  liquid  -mil  be 
reduced  16  degrees. 

2.  If  5  oz.  of  nitre,  and  5  of  sal-ammoniac  {both  finely  powdered) 
be  dissolved  ia  19  oz.  of  water,  the  heat  of  the  liquid  will  be  reduced 
40  degrees. 

3.  If  3  lbs.  of  snow  be  added  to  1  lb.  of  salt,  the  mixture  will  fall 
to  Oo  (or  32  degrees  below  freezing  point) . 

The  two  following  are  the  coldest  mixtures  yet  known :  

1.  Mix  3  lbs.  of  muriate  of  lime  with  1  lb.  of  snow. 

2.  Mix  5  lbs.  of  diluted  sulphuric  acid  with  4  lbs.  of  snow. 

Ice  may  be  made  in  a  red-hot  vessel  thus.  Heat  a  platijiuin  vessel 
I  red-hot,  pour  into  it  a  little  water— then  some  liquid  sulphurous 
I  acid  :  turn  the  vessel  over,  and  ice  will  come  out.  The  reason  is 
I  this,  the  sulphui-ous  acid  so  suddenly  evaporates  from  the  heat  of 
I  the  vessel,  that  the  water  is  frozen. 

Q.  Why  is  it  more  easy  to  swim  in  the 
I  SEA,  than  in  a  eiveb  ? 

A.    Because  the   specific  gravity  of 

'  salt  water  is  greater,  than  that  of  fresh  ; 

and,  therefore,  it  huoys  up  the  swimmer 

!  better. 

Q.  Hoto  do  cooks  ascertain  if  their  beike 
I  le  SAiT  ENOUGH  for  pickling  ? 

A.    They  put  an  egg  into  the  brine. 
If  the  egg  sinh,  the  brine  is  not  strong 
.  moiigh  ;  if  the  egg  float,  it  is. 

Q.  Why  will  an  egg  sink  if  the  Irine  le 
3  HOT  STEONG  enough  for  picJcling? 

A.    Because   the  egg  will  be  the 
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heavier  :  but  if  as  much  sali  be  added  as 
the  water  can  dissolve,  the  brine  will 
buoy  up  the  egg,  and  cause  it  to  float. 

Q.  Will/  will  an  eg&  float  in  strong  beinb, 
and  not  in  water  ? 

A  Because  the  specific  gravity  of 
salt  and  water  is  greater  than  that  of 
water  only. 

Q.  WJiT/  do  persons  sink  in  water  when  they 
are  unskilful  swimmers  ? 

A.  Because  they  struggle  to  keep 
their  head  out  of  ivater. 

Q.     Explain  how  this  is. 

A,  When  our  head  is  thrown  back 
boldly  into  the  water,  our  mouth  is  kept 
above  thesurface,  and  we  are  able  to  breathe : 

But  when  the  head  is  kept  above  the 
surface  of  the  water,  the  chin  and  mouth 
sink  beneath  it,  and  the  swimmer  is 
sufibcated. 

This  may  be  illustrated  thus : — If  a  piece  of  -wood  be  of  such 
Bpecific  gravity,  that  only  two  square  inches  can  float  out  of  water; 
it  is  manifest,  that  if  two  other  inches  are  raised  out,  the  two /orw«r 
inches  must  be  plunged  in.  The  body  (in  floating)  resembles  this 
piece  of  wood— If  two  square  inches  of  our /nee  float  out  of  the  water, 
■we  can  breathe ;  but  if  part  of  the  back  and  crown  of  our  head  be 
forcibly  raised  above  the  surface,  a  proportional  quantity  of  our  face 
must  be  plunged  in  ;  and  our  mouth  becomes  covered  with  water. 

Q.  Whi/  can  QUADiiUPEDS  swim  moee  easily 
than  MAN  ? 
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A.  1st — Because  the  trmh  of  quad- 
rupeds is  lighter  than  water  :  and  this  is 
the  greatest  part  of  them  :  and 

Sndly — ^The  position  of  a  beast  (when 
swimming)  is  a  natural  one. 

Q.       Whi/  is  it  MOEE  DIFFICULT  for  a  MATT 

to  swim,  than  for  a  beast  ? 

A.  1st — Because  his  body  is  more 
lieamj  in  proportion,  than  that  of  a  beast  : 
and 

Sndly — The  position  and  muscular 
I  action  of  a  man  (when  swimming)  differ 
I  greatly  fi-om  his  ordinary  habits;  but 
1  beasts  swim  in  their  ordinary  position. 

Q.  Whi/  can  TAT  men  swim  more  easilt 
I  than  SPAEE  men  ? 

A.    Because  fat  is  lighter  than  water , 

J  and  the  fatter  a  man  is,  the  more  buoyant 

^will  he  be. 

Q.  How  are  fishes  able  to  ascend  to  the 
IBTJEFACE  of  tvater? 

A.  Fishes. have  an  air-bladder  near 
tthe  abdomen;  when  this  bladder  is 
'filled  with  air,  the  fish  increases  in  size ; 
iand  (being  lighter)  ascends  through  the 
^  water  to  its  surfaca 
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Q.  Sow  are  fishes  able  to  diyb  in  a  minute^ 
to  the  BOTTOM  of  a  stream  ?  W 

A.  They  ex'pel  the  air  from  the  air-jltffl 
bladder;  in  consequence  of  which,  their  Big: 
size  is  diminished,  and  they  sink  instantly.  Iifn 
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The  unknown  cause  of  visibilitt- 


The  most  commonly  received  theory  of  light  is  ttiis.  A  fluid,! 
called  the  luminous  ether,  fiUs  up  the  intervening  spaces  between  thel 
several  particles  of  air.  This  fluid  being  set  in  motion,  either  by  I 
Bome  chemical  change,  by  friction,  or  by  some  other  means,  is  I 
thrown  into  a  state  of  undulation;  and  these  undulations  of  ethwl 
striking  on  the  optic  nerve,  make  the  eye  sensible  of  light,  in  mucnl 
the  same  way  as  undulations  of  air  striking  on  the  drum  of  the  ear,! 
give  us  the  sensation  of  sound.   (See p.  47.)  ■ 

Q.     WTii/  can  we  not  see  through  a  bent  tube  ? 

A.  Because  hght  propagates  itself^ 
m  straight  lines,  so  long  as  the  density  ofl 
the  medium  through  which  it  passes  is 
uniform. 

Q.  Will/  does  an  opaqitb  bod^  cast  a\ 
SHADOW  behind  ? 

A.  Because  it  opposes  the  passage 
of  the  hght  which  falls  on  it,  and  cannotj 
pass  through  it. 
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Q.     How  do  the  undulations  of  ether  produce 

IJGHT  ? 

A.  In  the  same  way  as  undulations 
of  air  produce  sounds  :  i.e.  by  register- 
ing themselves  upon  the  extremities  of  a 
nerve  prepared  for  their  perception. 

The  term  undulatory  is  not  very  correct  when  applied  to  the 
motion  of  air  and  ether,  in  the  phenomena  of  sound  and  light.  It 
U  rather  vibratory  than  undulatory. 

Q.      How  FAST  does  light  TEAVlCIi  ? 

A.    All  Hght  travels  so  fast,  that  it 

•  would  go  eight  times  round  the  earth, 

•  while  a  person  counts  "  one." 

All  light ;  -whether  the  light  of  the  sun,  the  light  of  a  candle,  or 
I  the  reflected  light  of  houses,  trees,  and  fields,  travels  in  romd 
I  numbers  192,000  miles  per  second. 

Q.  Why  are  some  surfaces  beilliant  (like 
J  ylass  and  steel  J  and  others  dull,  like  leadf 

A.  Because  some  surfaces  rejlect 
I  much  light,  and  are  hrilliant;  while 
c  others  absorb  a  great  part  of  it,  and 
6  appear  dull. 

Q.  Why  can  a  THOirsAirD  persons  see  ihe 
BAME  OBJECT  at  the  same  time  ? 

A.  Because  it  throws  off  from  its 
surface  an  infinite  number  of  rays  in  all 
directions ;  and  one  person  sees  by  om. 
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portion  of  these  rays,  and  another  person 
by  another. 

Q.     WTiy  is  the  eye  pained  hy  a  sudden 

LIGHT  ? 

A.  Because  the  nerve  of  the  eye  is 
hurdened  with  rays,  before  the  pupil  has 
had  time  to  contract. 

Q.  JVTiy  does  it  give  us  vkts  if  a  candle 
he  brought  suddenly  towards  ozwbed  at  night-time  ? 

A.  Because  the  'pu'pil  of  the  eye 
dilates  very  much  in  the  dark,  in  Order 
to  admit  more  rays.  When,  therefore, 
a  candle  is  brought  suddenly  before  us, 
the  enlarged  pupils  allow  the  optic 
nerves  to  be  overloaded  with  rays,  and 

this  causes  pain. 

Q.  WTiy  CAN  we  bbab  the  candle-light  after 
a  Jew  moments  ? 

A.  Because  the  pupils  contract  again 
almost  instantly ;  and  adjust  themselves 
to  the  quantity  of  Hght  which  falls  upon 
them. 

Q.  W7iy  can  we  see  nothing-,  when  m 
leave  a  well-lighted  room,  and  go  into  the 

DABKEE  jaOAD  Or  STEBET  ? 

A.  Because  the  pupil  (which  con- 
tracted in  the  bright  room)  does  not 
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dilate  instantaneously ;  and  the  contrac- 
ted pupil  is  not  able  to  collect  rays 
enough  from  the  darker  road  or  street, 
to  enable  us  to  see  objects  before  us. 

Q.     WTiy  do  we  see  better  ^hen  we  get 

"USED  to  the  DAEK  ? 

A.  Because  the  pupil  dilates  again, 
and  allows  more  rays  to  pass  through  its 
aperture;  in  consequence  of  which,  we 
see  more  distinctly. 

Q.  ^we  look  at  tJie  Bvsfor  a  few  moments^ 
why  do  all  other  things  appear  daek  ? 

A.  Because  the  pupil  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  sun,  that  it  is  too  small  to  collect 
sufficient  rays  from  other  ohjects  to  enable 
us  to  distinguish  their  colours.  {See 
"Accidental  colours;"  pp.  421,  425.) 

Q,  If  we  watch  a  hright  EIRE  for  a  few 
moments,  why  does  the  eoom  seem  daek  ? 

A.  Because  the  pupH  of  the  eye 
becomes  so  much  contracted  by  looking 
at  the  fire,  that  it  is  too  small  to  collect 
sufl&cient  rays  from  the  objects  around, 
to  enable  us  to  distinguish  their  colours. 
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Q.  Why  can  we  see  the  peopee  coloites  of 
every  object  again,  after  a  few  minutes  ? 

A.  Because  the  pupil  dilates  again, 
and  accommodates  itself  to  the  light 
around. 

Q.     Why  can  tigees,  cats,  <md  owls,  see  in 

the  DAEK  ? 

A.  Because  they  have  the  power  of 
enlarging  the  pupil  of  their  eyes,  so  as  to 
collect  scattered  rays  of  light  more  abun- 
dantly: in  consequence  of  which,' they 
can  see  distinctly  when  it  is  not  light 
enough  for  us  to  see  any  thing  at  all. 

Q.  WTty  do  OATS  and  owis  sleep  almost 
all  DAT  ? 

A.  Because  the  pupil  of  their  eyes  is 
very  broad,  and  daylight  fatigues  them ; 
so  they  close  their  eyes  for  relief. 

Q.     Why  do  oats  llink  when  they  sit  before 

a  FIEE  ? 

A.    Because  the  pupil  of  their  eye  is 
very  broad,  and  the  light  of  the  fire 
painful :  so  they  keep  shutting  theu'  eyes ' 
to  relieve  the  sensation  of  too  much  light. 

Q.       Why  do  TIGEES,  CATS,  OWLS,  ^C,  PEOWL 

by  NIGHT  for  <t)Tey  ? 
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^«/|     A.    Because  they  sleep  all  day,  when 
the  strong  hght  would  be  painful  to 
them  ;  and  as  they  can  see  clearly  in  the 
.  dark,  they  prowl  then  for  prey. 

.         Q.     TFTiy  do  GLOW-WOEMS  glisten  ly  night 

A.    Because  the  hght  of  day  is  so 
:  strong  as  to  eclipse  their  feeble  hght : 
iin  consequence .  of  which,  they  are  in- 
visihle  hy  day. 

u        Q.     TFTii/  cm  we  not  see  the  staes  in  the 

n  IDAT-TEME? 

A,  Because  the  Hght  of  day  is  so 
]  powerful  as  to  eclipse  the  feeble  hght  of 
ithe  sters;  in  consequence  of  which, 
1  they  are  invisible  by  day. 

Q.  Why  can  we  see  the  staes  even  at  mid- 
iTih.'Y. ,  from  the  lottom  of  a  deep  well  ? 

A.    Because  their  hght  is  no  longer 
I  overpowered  by  the  rays  of  the  sun, 
which  are  lost  in  numerous  reflections 
iin  the  well. 


The  rays  of  the  tun  will  enter  the  well  rery  obliquely;  whereas 
t  m«ny  ttart  will  shine  directly  over  the  well.   {See  pp.  392,  393.) 

Q.  What  is  the  tTSE  of  two  eyes,  since 
t  they  present  only  one  image  of  any  ohject  ? 
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A.  1st — To  enlarge  our  field  o 
vision : 

SncUy — To  increase  the  distinctnes 
of  vision  : 

3rdly — To  diminish  the  fatigue  o 
vision :  and 

4thly — To  supply  the  means  of  sight 
if  one  eye  is  injured  or  lost. 

Q.     Why  do  loe  not  see  things  double,  wit 

TWO  EYES  ? 

A.  Because  both  images  fall  on  cor 
responding  parts  of  the  two  retinae,  whic 
are  simultaneously  affected. 

Persons  with  oblique  vision  see  double,  because  both  the  ima 
looked  at,  are  not  painted  on  points  of  the  retinse  which  correspon 

Q.     will/  do  we  SEE  ourselves  in  a  glass  ? 

A.    Because  the  rays  of  hght  fro 
our  face,  on  striking  against  the  surfac 
of  the  glass,  are  reflected,  or  sent  bac 
again  to  our  eye. 

Q.     Why  are  the  rays  of  light  eepleoted  h 

a  MIEEOE  ? 

A.  Because  they  cannot  ^ass  i/irowgf 
the  impenetrahle  metal  mth.  which  th 
back  of  the  glass  is  covered:  so  the 
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rebotmd  hack  again,  just  as  a  marble 
would,  if  it  were  thrown  against  a  wall. 

Q.     When  a  marble  is  rolled  towards  a  wall, 
tohat  is  the  path  theofgh  which  it  auNS 
ccalled? 

A.    The  line  of  incidence. 

1,       Q._    When  a  marble  eebotjjstds  back  again, 
what  is  the  path  it  then  describes  called  ? 

A.    The  line  of  keflection. 

See  figure  on  p.  388.   If  AB  be  the  line  of  incidence,  then  BCis 
ane  Une  of  reflection ;  and  vice  versa. 

Q.     When  the  light  of  our  face  goes  to  the 
jlijj  IGLASS,  what  is  the  path  through  which  it  qoes 

A.    The  line  of  incidence. 

Q.     When  the  light  of  our  face  is  reflected 
,)  IBACK  again  from  the  mirror,  what  is  this  betuen- 
,        path  called  ? 

A.    The  hne  of  reflection, 
Q.     What  is  the  ait&le  of  incidence  ? 

A.    The  angle  between  the  hne  of 
nncidence  and  the  perpendicular. 

Q.     What  is  the  angle  of  reflection  ?  " 

A.    The  angle  between  the  hne  of 
irejlection  and  the  perpendicular. 

M  See  figure  on  p.  388. 
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Let  SS  be  any  surface,  PB  aperpendicular  to  it-If  a  marble  were 
thrown  from  A  to  B,  and  bounded  back  to  C ;  hen  ABP  yould  be 
called  the  angle  of  incidence,  and  CBP  the  angle  of  reflecUon. ^ 

Q.  Whxj  does  our  reflection  in  a  mirror 
seem  to  approach  its,  as  we  walk  towakds  it: 
and  to  KETiKE  FROM  US,  OS  WE  retire  ? 

A.  Because  the  lines  and  angles^  oi 
incidence  are  always  eciual  to  the  lines 
and  angles  of  reflection;  in  consequence 
of  which,  tiie  image  will  always  seem  to 
he  as  far  behind  the  mirror,  as  the  real 
object  is  before  it. 
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Suppose  A  to  be  a  mirror— CA,  EA,  DA,  and  FA  the  lines  of  inci- 
dence ;  than  GA,  KA,  HA,  and  LA,  are  the  lines  of  reflection. 
When  the  arrow  is  at  CD,  its  image  will  appear  at  GH,  because 
line  CA=GA,  and  line  DA=HA :  and  also  the  angle  CAB=angle 
GAB,  and  angle  DAB=HAB.  For  a  similar  reason,  if  the  arrow 
•were  at  EF,  the  image  wovild  seem  to  be  at  KL. 

Q.  W7ii/  can  a  man  see  liis  whole  peesoit 
reflected  in  a  little  mieeob,  not  6  inches  in 
length  ? 

A.  Because  the  lines  and  angles  of 
reflection  must  he  always  equal  to  the 
lines  and  angles  of  incidence. 


Let  M  m  be  a  small  mirror,  and  E  an  eye,  looking  at  I  i,  an  image 
of  the  object  O  o  reflected  from  it.  Then  the  ray  which  falls  per- 
pendicularly from  0,  is  reflected  back  in  the  same  line,  so  that  the 
image  appears  as  if  placed  at  I.  But  the  ray  which  falls  obliquely 
from  o  to  m,  is  reflected  by  an  equal  angle  to  O,  and  the  image 

1  Mems  to  be  at  i,  (i.  e.  in  the  line  of  the  last  reflection).   Hence  the 

i  entire  image  will  appear  to  be  as  large  as  I  i. 

Q.     Why  does  the  image  of  my  olject  vn 
"WATEE  always  appear  utteeted  ? 

A.    Because  the  angles  of  incidence 

>  are  always  equal  to  the  angles  of  reflection^ 
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here  the  arrow  head  A  strikes  the  water  at  F,  and  is  reflected  an 
If  frniu  D ;  and  the  barb  B  strikes  the  water  at  E,  and  is  reflected 

as  if  from  C.  ,       „    ^  ^         /-rr^  _j 

If  a  spectator  stands  at  G,  he  will  see  the  reflected  lines  Ch  ana 

DF,  produced  as  far  as  G.  , .         .„  _ 

It  is  very  plain,  that  A  (the  more  elevated  object)  will  strike  tne 

water,  and  be  projected  from  it  more  perpendicularly  than  the  point 

B ;  and,  therefore,  the  image  will  seem  invei ted.   Seep.  388. 

Q.  When  we  see  our  eeflecxion  in  wateb, 
wly  do  we  seem  to  stand  on  our  head  ? 

A.  Because  tlie  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

The  feet  are  nearest  to  the  surface  of  the  water  and  must,  thcr&- 
fore,  seem  so  in  the  leflection ;  and  the  head 
must  also  seem  more  distant  from  the  surface  of  the  water  which 
reflects  it. 

Q.  Why  do  -wiiroows  seem  to  blaze  at 
SUN-RISE  and  sttn-set  ? 

A.  Because  glass  is  a  good  reflector 
of  light :  and  the  rays  of  the  sun  (striking 
against  the  window  glass)  axe  reflected, 
or  thrown  back. 
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Q.  WJiy  do  NOT  windows  reflect  tJie  noon- 
day rays  also  ? 

A.  They  do,  but  the  reflection  is  not 
seen. 

Q.  TFTii/  is  the  reflection  of  the  eising  and 
SETTING  S7m  seen  in  the  window,  and  not  that  of 
the  NOON-DAT  sun  ? 

A.  Because  the  rays  of  the  noon-day 
sun  glance  ofi"  from  the  glass  downwards, 
so  that  an  observer  could  not  readily 
behold  both  the  window  and  the  sun's 
reflection. 

Sun  near  noon. 


?nn  neai  fhe  horizon. 


•C 


Here  AB  represents  a  ray  of  the  noon-day  sun  striking  the 
»indow  at  B ;  its  reflection  will  be  at  C : 

But  DB  (a  ray  of  the  rlsinu  or  sotting  sun)  will  be  reflected  (o 
S  (the  eye  of  ipeotator.) 
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Q.  Whj  can  we  not  see  the  sun's  reflection 
in  a  WELL,  during  the  day-time  ? 

A.    Because  the  rays  of  the  sun  fall 

so  oUiqiielij,  that  they  netwr  reach  the 

surface  of  the  water  at  all,  but  strike 

against  the  brick  sides. 


THl  SUN 


Let  BDEC  be  the  -well,  and  DE  the  water. 
The  ray  AB  strikes  against  the  hrick-work  inside  the  weU ;  ana 
The  ray  AC  strikes  against  the  hrick-work  outside  the  well. 
None  will  ever  touch  the  water  at  DE. 

Q,  Why  are  staes  reflected  in  a  well, 
although  the  sitn  is  not  ? 

A.  Because  the  rays  of  those  staes, 
which  pass  nearly  overhead^  will  not  fall 
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so  obliquely  into  tbe  well,  as  the  rays  of 
the  sun. 

A  STAR. 
A. 


Here  the  star's  rays  AB,  AC,  both,  strike  tie  water  DE,  and  are 
reflected  by  it. 

The  rays  of  both  sun  and  moon  may  be  reflected  from  the  surface 
of  -water  in  a  well,  so  placed  on  the  earth's  surface,  that  those 
luminaries  pass  yertically  overhead  (Le..  between  the  tropics.) 

Q.  In  a  alieet  of  ivater  at  noon,  tTie  sun 
appears  to  shine  ttpon  only  oke  spot,  and  all  the 
EE8T  of  the  water  seems  dark, — Why  is  this  ? 

A.  The  rays  fall  at  various  degrees 
of  obliquity  on  the  water,  and  are  reflec- 
ted at  similar  angles;  but  only  those 
which  come  from  the  spot  where  equal 
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angles  are  formed,  between  the  sun  and 
a  perpendicular,  and  the  eye  and  the 
same  hne,  are  visible  as  glare. 

V  S  THESQH 


Here,  of  the  rays  SA,  RB,  and  SC,  only  the  ray  SC  meets  the  eye 
of  the  spectator  D.  If  a  line  were  dropped  perpendicularly  over 
C,  the  angles  formed  between  that  line  and  SC,  and  DC,  would  be 
equal. 

The  spot  C,  therefore,  will  appear  luminous  to  the  spectator  D, 
but  no  other  spot  of  the  water  ABC. 

Q.  Wliy  are  mobe  stahs  visible  from  a 
MOITNTAIK,  than  from  a  plain  ? 


A.  Because  they  have  less  air  to  pass 
through.  As  air  absorbs  and  diminishes 
light;  therefore,  the  higher  we  ascend, 
the  less  light  will  be  absorbed- 
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Q.  WTiy  do  the  stjn  and  moon  seem  IiAEGEk 
at  their  eislng  cmd  setting,  that  at  any  other 
time  ? 

A.  The  appearance  is  an  illusion,  in 
consequence  of  terrestrial  objects. being 
placed  in  close  comparison  with  them  at 
one  time  and  not  at  the  other. 

The  sun  lias  really  the  same  apparent  angular  size  whim  on  the 
borizon,  and  when  high  in  the  sky.  The  moon  seems  real  ly  smaller 
when  on  the  horizon  than  when  high  up. 

Q.  Why  do  the  sun  and  MOON  appear  as  if 
flattened  into  oval  forms  when  seen  on  the  horizon  ? 

A.  Because  the  lower  portions  of  the 
disc  are  more  displaced  by  the  refractive 
power  of  the  atmosphere  than  the  top, 
so  that  the  vertical  diameter  is  reduced 
in  lengLh.  No  such  reduction  takes 
place  in  the  transverse  diameter,  there- 
fore the  breadth  seems  longer  than  the 
depth. 

Q.  How  does  light  cause  the  pitpil  cf  the 
eye  to  conteact  ? 

A.  The  pupil  of  the  eye  is  a  round 
hole,  in  the  midst  of  a  moveable  muscular 
curtain  or  screen,  called  the  iris.  When 
too  much  Hglit  falls  on  the  nervous 
retina  at  the  back  of  the  eye,  it  irritates 
it ;  and  this  irntation  is  conveyed  to  the 
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muscular  rings  composing  the  curtain  hy  [ 
small  nervous  fibres,  causing  them  to^ 
contract.  ? 

The  same  effect  is  produced  by  mcreanng  or  diminishing  the 
obicet  aperture  of  a  telescope.  The  power  of  a  small  part  of  the;' 
pupil  to  allow  a  perfect  but  fainter  image  of  an  object  to  be  formed, ; 
may  be  thus  proved:— Fix  the  eye  attentively  upon  the  flame  of  h, 
candle,  then  very  slowly  advance  the  edge  of  a  card,  held  closely  tcj 
the  eye,  more  and  more  across  the  pupU,  and  the  flame  will  be  seeni 
to  get  fainter  and  fainter,  although  it  still  preserves  its  perfect; 
outline ;  at  last,  it  disappears  all  at  once.  j 

Q.  Whi/  can  we  not  see  into  the  steeet  or' 
road,  when  candles  are  lighted  ? 

A.    Because  the  pupil  of  the  eye 
(ha\dng  become  contracted  by  the  hght  o 
the  room)  is  too  small  to  collect  rays 
enough  from  the  dark  street,  to  enabl 
us  to  see  objects  in  it. 

Q.    Wh,y  do  we  often  see  the  fiee  eeflecte 
in  owr  parlour  wiKDOW  in  winter-time  ? 

A    Because  glass  is  2,  good  reflector; 
and  the  rays  of  the  fire  (striking  agains+* 
the  window  glass)  are  reflected  back  in 
the  room  again. 

Q.     Why  do  we  often  see  several  reflection 
of  our  EiEE  or  candles  in  the  window,  while 
are  sitting  in  our  parlour  ? 

A.    1st — Because  both  surfaces  of  th 
window  glass  reflect  them ;  and 
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2ndlj — The  reflections  are  multiplied 
by  imperfections  in  the  glass. 

Q.  Why  is  this  reflection  more  clear,  if  the 
external  air  he  dark  ?' 

A.  Because  the  reflection  is  not 
eclipsed  by  brighter  rays,  passing  through 
from  the  other  side  of  the  window. 

Q,.  If  the  SHADOW  of  an  object  he  thrown  on 
a  wall, — the  closer  the  object  is  held  to  a  candle, 
the  LABGER  will  he  its  shadow.    Why  is  this  ? 

A.  Because  the  rays  of  light  diverge 
from  the  flame  of  a  candle  in  straight 
lines,  like  lines  di-awn  from  the  centre  of 
a  circle. 


--"f  — — — T' 


1 


B  - 


Here  the  arrow  A  held  close  to  the  candle,  iriU  cast  the  shadow 
re  on  a  wall ;  while  the  same  arrow  held  at  C  would  cast  only  the 
utUc  shadow  DE.  ,  ' 
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0  TFTiv  does  an  aventte  of  teees,  or  a  long 
strai^jhtB^m,  seem  to  get  ^Auno^x^n  and  nar- 
rower in  the  distance,  till  the  two  sides  appear  to 

•MEET? 

A  Because  the  more  distant  trees  or 
houses  are,  the  more  acute  will  he  the 
angle,  that  any  opposite  two  make  mih 
our  eye. 


■ — iH-^C 


Here  the  width  hetween  the  trees  A  and  B  will  seem  to  he  as  great 
^^ut  Jhe'^dtk  hetween  the  trees  C  and  D  wUl  seem  to  he  no  more 
than  EF. 

O      In  an  AYENtiE  or  long  straigU  steeet 
WHTrfo  TEEES  or  houses  seem  to     smallee  and 
smaller  as  their  distance  increases  ? 

A  Because  the  more  distant  trees  or 
homes  are,  the  more  acute  wdl  he  tju 
niigle  made  -by  their-perpendicular  height 
Yfi^  our  eye. 
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 D  — "B 


Here  the  first  tree  AB  -will  appear  the  height  of  the  line  AB ;  bD^ 
the  liist  tree  CD  -will  appear  only  as  high  as  the  line  EF. 

Q.  Why  do  some  glasses  MAGNirx  objects, 
and  others  diminish  them  ? 

A.  This  depends  upon  the  focus  of 
the  glass :  if  a  glass  makes  the  focal 
distance  of  an  ohject  longer,  the  object 
appears  diminished  in  size  :  if  shorter,  it 
magnifies. 

The  focal  distance  means  the  distance  at  which  the  eye  pereeires 
an  object  distinctly.  A  microscope  magnifies  by  enabling  the  eye  to 
see  an  image  closer  to  the  eye,  than  would  be  possible  otheri\  ise. 

In  the  last  two  figures  it  is  evident— That  the  larger  the  angle 
made  by  two  lines  connecting  the  object  with  the  eye,  the  larger  the 
object  will  appear,  and  vice  versa.  But  this  angle  becomes  smaller 
and  smaller  as  the  object  is  removed  further  from  us.  Thus  the 
angle  CGU  is  less  than  the  angle  AGB.  If  a  lens  therefore  lengthens 
the  focus,  it  diminishes  objects;  if  it  shortens  the  focus,  it  magnifies- 
them. 

Q.  W7ii/  does  a  man  on  the  top  of  a  mountaix 
or  church  spire,  seem  to  be  no  biggeb  than  a 
crow  ? 

A.  Because  the  angles  made  in  our 
eye  by  the  perpendicular  height  of  a  man 

M  a  2 
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at  that  distance,  is  no  bigger  than  tha^ 
made  by  a  crow  close  by. 


 .c 





Let  AB  be  a  man  on  a  distant  mountain  or  spire,  and  CD  a  cr* 

°\Tie^nian  will  appear  only  as  high  as  the  line  CD,  which  is  the 
height  of  the  crow. 

Q.  Why  does  the  ^lOOS  appear  to  us  so  much 
LAE&EB  than  the  staes,  though  in  fact  it  is  a 
great  deal  smallee  ? 

A.  Because  the  moon  is  very  much 
'nearer  to  us,  than  any  of  the  stars, 


Let  AB  represent  a  fixed  star,  and  CD  the  moon. 
AB  though  much  the  larger  body,  wiU  appear  "J"  J"fff  ^D^o  ^ 
whereas  the  moon  (CD)  wUl  appear  as  large  as  the  hne  CD  to  tli( 

'^Thf  moo^n  is  240,000  miles  from  the  earth  not  quite  a  quarter  of  a 
milUon  of  miles.   The  nearest  fixed  stars  are  20,000,000,UUO,uuu  ii.e^ 

^"inSwent  500  miles  an  hour,  it  would  reach  the  moon  i 
twenty  days  ;  but  it  would  not  reach  the  nearest  fixed  star  i 
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4,500,000  years.   Had  it  begun,  therefore,  ^^en  Adam  ^.as  creat^^ 
it  vvould  be  no  further  on  its  journey,  than  a  -^f  ^h     hich  has  to 
p,  from  the  Land's  End,  CornwiUl,  to  the  most  northc  n  paits  of 
Scotland)  after  it  has  passed  about  three-quarters  of  a  mue. 

Q.  Why  do  the  sjts  and  moon  (which  are 
spheres)  appear  to  he  fiat  surfaces  f 

A.  Because  they  are  such  an  immense 
way  off,  that  we  can  discern  no  difference 
of  length  between  those  rays  which  issue 
Irom  the  edge,  and  those  which  issue 
from  the  centre  of  these  bodies. 


A  


The  ravs  AD  and  CD  appear  to  be  no  longer  than  the  ray  BD ; 
but  if  all  the  rays  seem  of  the  same  length,  the  part  B  1  not  seem 
to  be  nearer  to  us  than  A  and  C ;  and,  therefore,  ABC  will  look  hke 
a  fiat  or  straight  line. 

The  rays  AD  and  CD,  in  the  case  of  the  moon,  are  240,000  miles 
long. 

The  ray  BD  is  238,910  miles  long. 

Q.     Why  does  distakoe  make  an  object 

ISiTlSIBLE  ? 

A.  Because  no  visiUe  perpendicidar 
can  be  inserted  between  the  hues  which 
form  the  angle  :  or  because  the  light  has 
been  made  very  faint  by  the  distance. 

The  image  formed  within  the  eye,  falls  upon  so  small  an  area  of 
h  ■  internal  membrane,  that  this  is  not  able  to  affect  its  perception; 
or  It  stimulates  that  area  so  faintly,  that  no  sense  of  sight  follows. 
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Q.     Wily  do  TELESCOPES  enable  us  to  see 
objects  iNTisiBLE  to  the  naked  eye  ? 

A.    Because   they   gather  together 
■more  luminous  rays  from  obscure  objects, . 
than  the  eye  can;  and  form  a  bright 
image  of  them  in  the  tube  of  the  teles- 
cope, where  they  are  magnified. 

As  many  times  as  the  dimensions  of  the  ohject-glass  exceed  the 
dimensions  of  the  pupil  of  the  eye,  so  manv  limes  the  penetratmgr 
powers  of  .the  telescope  will  exceed  that  of  the  naked  eye. 

Q.  When  a  ship  (out  at  sea)  is  a^pmaching 
slore,  why  do  we  see  the  small  masts,  before  we 
see  the  bulky  hull  ? 

A.  Because  the  earth  is  round ;  and 
tlie  curve  of  the  sea  hides  the  hull  from 
our  eyes,  after  the  tall  masts  have  be- 
come visible. 


^  A 


Here  only  that  part  of  the  ship  above  the  line  AC,  can  l>e  seen  by 
thf  spectator  A;  the  rest  of  the  ship  is  hidden  by  the  sweU  of  the 
curve  DE. 

Q.     What  is  meant  by  eefeaction  ? 
A.    Bending  a  ray  of  light,  as  it 
passes  from  one  medium  to  another. 
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Q.  How  %s  a  ray  of  ligKt  bent,  when  it 
passes  from  one  medium  to  another  P 

A.  When  a  ray  of  light  passes  into 
a  denser  medium,  it  is  bent  towards  the 
perpendicular.  When  it  passes  into  a 
rarer  medium,  it  is  bent  from  the  per- 
pendicular. 


E 


Snppoite  DE  to  be  a  perpendicular  line. 

If  AB  (a  ray  of  Uffht)  enters  the  water,  it  will  be  bent  toward* 
the  perpendicular  to  C. 

If  (on  the  other  hand^  CB  {a  ray  of  light)  emerges /ro»»  the  water, 
it  would  be  bent  away  /ram  the  perpendicular  towards  A. 

Q.  If  light  and  sound  are  both  produced  hy 
oscillations,  why  can  we  not  see  light,  as  well  as 
hear  sounds,  through  a  lent  trumpet  or  horn  ? 

A.  Because  many  substances  reflect 
the  oscillations  of  sound,  that  do  not 
reflect  the  oscillations  of  hght. 
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Intervening  angles  (ftstruot  the  passage  of  sotuid  in  some  measure, 
but  not  to  the  same  extent  as  they  ohstruot  the  passage  of  hght. 
Thus  if  a  caril  be  placed  between  a  vibrating  tuning  forlt  and  the  air, 
the  sound  is  dulled.  On  the  other  hand,  light  may  be  transmitte  l 
through  a  bent  tube,  if  refiectmg  mirrors  are  properly  placed  at  lU 
angles. 

Q.  Why  does  a  spoon  {in  a  glass  oj  water) 
always  appear  bent? 

A.  Because  the  light  (reflected  from 
the  spoon)  is  refracted,  as  it  emerges  from 
tiie  water. 


/ph. 


^^^^^ 

^S^^  

Here  the  spoon  ABC  is  refracted,  when  it  enters  the  water,  and 

appears  broken  as  ABD.  . 

A  common  experiment,  bearing  a  similar  explanation,  is  this:  Pu 
a  shilling  in  an  empty  basin— move  away  till  you  just  lose  sight  . 
the  coin— let  some  one  pour  clean  water  in  the  basin,  and  the  shillui  g 
will  again  become  visible  to  you. 

Q.     Wliy  does  a  river  always  appear  more 
shalloto,  than  it  really  is  ? 

A.    Because  the  light  of  the  bottom 
.  of  the  river  is  eefracted,  as  it  emerges 
out  of  the  water. 
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Seefg.  oil  p.  404.  The  bottom  of  the  river  will  appear  elevated, 
like  the  bowl  of  the  spoon  D. 

Q.  Sow  much  deeper  is  a  river,  than  it 
seems  to  he  ? 

A.  About  one-third.  If,  therefore, 
a  river  seems  only  4  feet  deep,  it  is  in 
reahty  nearly  6  feet  deep. 

The  exact  apparent  depth  -would  be  \\.  To  find  tlie  real  depth 
multiply  by  4  and  divide  by  3 — thus  4^  x  4  -i-  3=6  feet  real  depth. 

N.B. — Slany  boys  get  out  of  their  depth  in  bathing,  in  consequence 
of  this  deception.  Remember,  a  river  is  always  one-third  deeper 
than  it  appears  to  be : — thus,  if  a  river  seems  to  be  4  feet  deep,  it  is 
in  reality  nearly  6  feet  deep,  and  so  on. 

Q.  Why  do  fishes  seem  to  he  nearer  the  sur- 
face of  a  river,  than  they  really  are  ? 

A.  Because  the  rays  of  light  from  the 
fish  are  refracted,  as  they  emerge  from 
the  water:  In  consequence  of  which, 
the  fish  appear  nearer  to  our  eye,  than 
they  really  are. 

See  fig.  on  p.  404. 

Q.     WTiy  are  some  persons  near-sighted  ? 

A.  Because  the  cor'nea  of  their  eye 
is  so  prominent,  that  the  image  of  distant 
objects  is  formed  before  it  reaches  the 
ee^ina;  and,  therefore,  is  not  distinctly 
seen. 
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Q.  WTiaf  is  meant  ly  the  "  coh'itea  of  the 
ETE  ?" 

A.  All  the  transparent  part  of  the 
front  of  the  eye-ball. 

The  curve  ABC  is  called  the 
ooa'sEA, 


y^^^L  If  t^i^  curve  be  too  prominent 

*   (or  convex),  the  eye  is  near-sighted. 


If  too  flat  (or  concave),  the  eye 
is  far-sighted. 

Q.     Wlat  is  meant  hy  the  "eet'ina.o/  the 

ETEi"' 

A.  The-  net-work,  which  lines  the 
hack  of  the  eye,  is  called  the  retina. 

The  net-work  ABC  is  called  the  rct'ina, 
tJ       and  the  projecting  pure  DEF  is  called  the 
cor'nea. 

N.B.— This  net-vcork  is  composed  of  a 
sprciuUng  out  of  the  fibres  of  the  nerve  of 
vision. 

The  eye  is  covered  with  a  tough  pearly  opaque  membrane,  called 
the  sc/rro«'r(c  coat,  going  all  round  the  eye  «'=ei'^  °,y«^  f^^^^^ 
DEF  (the  cornea) ;  at  D  and  F  it  lermmates  and  makes  a  groove, 
{nto  wWh  the  transparent  cornea  fits,  just  as  a  watch  glass  hU  into 
the  metal  rim  made  to  receive  It.  nntprs  the 

The  opening  just  below  A  is  the  optic  nerve,  which  enters  tne 
eye  on  thaTsidi  nearest  the  nose;  an.l  after  it  gets  mto  the  eye. 
expands  into  the  lining  called  the  retina. 

Q.  What  sort  of  glasses  do  nb  au-sighte 
persons  wear  ?  . 

A.    If  the  cor'nea  be  too  convex  (o: 
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projecting),  the  person  must  wear  double 
concave  glasses,  to  counteract  it. 

Q.  WTiat  is  meant  hy  "DOUBiiB  concatb 
ei/ASSES  ?" 

A.    Glasses  liollowed-in  on  both  sides. 


The  figure  A  is  double  concave,  or  concave  on  both 


Q.  Where  is  the  iMA-d^  of  objects  formed,  if 
tTie  cornea  be  too  convex  P 

A.  If  the  cornea  be  too  convex,  the 
image  of  a  distant  object  is  formed  in.  the 
vitreous  humours  of  the  eye,  and  not  on 
the  ret'ina. 


Q.  WTiat  is  the  use  of  dotjble  co^tca-vb 
BPECTACLB  glasses  ? 

A.  To  cast  the  image  further  hack; 
in  order  that  it  may  be  thrown  upon  the 
retina  and  become  visible. 


Thus  the  image  is  formed  at  DE ;  and 
not  oa  ABC  (the  retina). 
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Q.     Whj  are  olb  people  fae-sighted  ? 

A.  Because  the  humours  of  their 
«y€s  are  dried  up  by  age:  in  conse- 
quence of  which,  the  coe'nea  sinks  in, 
or  becomes  flattened. 

Q.  JVhi/  does  tJie  -EijATT-ESTNGr  of  the  coe'nea. 
prevent  persons  seeing  objects  -which  are  near  ? 

A.  Because  the  cornea  is  too  flat; 
and  th6  image  of  any  near  object  is  not 
completehj  formed,  when  rays  reach  the 
RETINA ;  in  consequence  of  which,  the 
image  is  imperfect  and  confused. 


made  at  DE ; 


Q.     What  sort  of  glasses  do  oid  people 

"WEAR  ?  .' 

A.  As  their  cornea  is  not  sufficiently 
convex,  they  must  use  double  convex 
glasses,  to  enable  them  to  see  objects 
near  at  hand. 

Q.     WTiat  sort  of  glasses  are  "  doitble  coir- 

VEX  SPECTACLE  GLASSES  f" 
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A.  Glasses  which  curve  outwards  on 
Itoth  sides. 

,      I    I      The  figore  A  is  donble  convex,  or  convex  on  both 
I   /  sides. 

Q,     What  is  the  use  of  double  contex 
spectacle  glasses  ? 

A.  To  shorten  the  focus  of  the  eye ; 
sand  bring  the  image  of  distant  objects 
:  upon  the  ret'ina. 

Q.'  Why  do  iteab-sighted  persons  bring 
i  objects  CLOSE  to  the  eye,  in  order  to  see  them  ? 

A.  Because  the  refracting  powers  of 
their  eye  are  so  great,  that  the  image  of 
distant  objects  is  formed  in  front  of  the 
•ret'ina:  but  when  objects  are  brought 
near  to  the  eye,  their  image  is  thrown 
further  hack,  and  made  to  fall  on  the 
ret'ina. 

Because  then  the  rays  -which  come  from  them  to  the  eye  are  more 
divergent,  and,  theiefore,  require  more  refracting  power  to  bring 
:  tiiem  to  a  focus. 

Q.  Why  do  old  people  hold  objects  fab 
'  OFF,  in  order  to  see  them  better  ? 

A.    Because  the  refracting  powers  of 
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their  eyes  are  not  great  enough:  wheii 
however,  objects  are  held  further  off,  it 
compensates  for  this  defect ;  and  a  per- 
fect image  is  formed  on  the  retina. 

Q.     Will/  are  hawks  able  to  see  such  an 

IMMENSE  way  off? 

A.  Because  they  have  a  muscle  m 
the  eye,  which  enables  them  to  jiatten 
their  cornea,  by  drawing  back  the  crystal 
hne  lens. 

There  is  yet  some  Uttle  uncertainty  as  to  the  cause  by  which  f 
eye  is  enabled  to  adapt  itself  to  varying  distances. 

Q.  Why  can  hawks  see  ohjects  ivithin  half- 
an-inch  of  their  eyes,  as  well  as  those  a  long 
way  off?  r      •  -u  J 

A.  Because  their  eyes  are  furnished 
with  a  flexible  bony  rim;  which  can 
throw  the  cornea,  forward,  and  make  the! 
hawk  nmr-sighted  {see  p.  405). 

Q.     Into  how  many  paets  may  a  eat  o; 

LIGHT  he  DIVIDED  ? 

A.  Into  three  parts :  Blue,  Yellow 
and  Red. 

N.B.  These  three  colours,  by  combination,  make  sejen.  l.-B» 
2  Orange  (or  red  and  yellow  .  3.— Ybllo-w.  4.-r-GBEEN  (o 
yellow  and  blLeV  5 Ai^vk  G.^Indioo  (a  shade  of  blue);  an. 
7.— Violet  (or  blue  and  red). 

Q.  Sow  is  it  known,  that  a  ray  of  liyh 
consists  of  several  different  colours  ? 
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I    A.    Because  a  triangular  piece  of 
dass  (called  a  prism),  will  divide  it  into 
Luese  seven  colours:    1. — ^Red;    2. — 
(Orange;  3. — ^Yellow;  4. — Green;  5. — 
lIBlue ;  6. — Indigo ;  and  7. — Violet. 

Q.  W7ii/  does  a  pkism  ditidb  a  ray  of  light 
Unto  TAEiotrs  coLOxrna  ? 

A.  Because  all  these  colours  have 
^different  refractive  susceptibilities.  Red 
iis  refracted  least,  and  blue  the  most: 
t therefore,  the  hlue  colour  of  the  ray  will 
I  be  bqnt  to  the  top  of  the  prism,  and  the 
ned  will  remain  at  the  bottom. 


Here  the  ray  AB  (received  on  a  prism  at  B),  tvouIcI  have  the  blue 
part  bent  up  to  C',  the  yellow  part  to  D;  and  the  red  part  no 
farther  than  E. 

Q.  What  is  meant  ly  the  eepeaction  of  a 
tray  ? 

A.    Bending  it  from  its  straight  hne. 

Thug  the  ray  AB  of  the  last  figure  is  refracted  at  B  into  three 
•  courses,  C,  D,  and  E. 

Q.     What  is  the  cause  of  a  bainbow  ? 

A.    When  the  clouds  opposite  the  sun 
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are  very  dark,  and  rain  is  still  falling 
from  them,  the  rays  of  the  bright  sun 
are  divided  into  colours  hy  the  rain-drops, 
as  they  would  be  by  a  prism. 


I 


Let  A,  B,  and  C  be  three  drops  of  rain ;  SA,  SB,  and  SC,  three 
rays  of  the  sun.  They  are  all  divided  into  three  coloui-s,  by  the 
drops  of  ram  on  -which  they  faU,  and  are  reflected  towards  the  eye 
atD. 

But  since  the  coloured  rays  are  bent  in  different  degrees,  and  the 
drops  placed  at  different  heights,  only  one  colour  from  each  enters 
the  eye. 

Hence  the  eye  receives  the  least  refrangible  (red)  from  A;  the 
next  least  (yellow)  from  B;  and  the  most  refrangible  fblue}  from  C. 
As,  however,  many  drops  are  similarly  circumstanced  ^Jlh  regard 
to  the  dye,  krched  bands  of  colours  are  visible,  constitutmg  the 
rainbow. 

Q.  Does  EVERT  person  see  the  same  colou4 
from  the  same  dbop*  i 
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A.  No  :  no  two  persons  see  the  same 
rainhoiv. 

To  another  spectator  the  rays  from  SB  might  be  red,  instead  of 
yellow  :  the  ray  ft-om  SC,  yellow  ;  and  the  blue  might  be  reflected 
from  some  drop  below  C.  To  a  third  person  the  red  may  issue 
from  a  drop  above  A,  and  then  A  would  reflect  the  yellow,  and  B 
the  blue,  and  so  on. 

Q.  Whi/  are  there  often  two  eainbows,  at 
one  and  tlie  same  time  ? 

A.  In  one  rainbow  we  see  the  rays  o^ 
the  sun  entering  the  rain-drops  at  the 
top,  and  reflected  to  the  eye  from  the 
bottom. 

In  the  other  rainbow,  we  see  the  rays 
of  the  sun  entering  the  rain- drops  at  the 
bottom,  and  reflected  at  the  top,  whence 
they  reach  the  eye. 


s 


Here  the  ray  Sa  (of  the  primary  rainbow)  strikes  the  drop  at  A, — 
Is  refracted  or  bent  to  B, — is  then  reflected  to  C,  where  it  is  refracted 
■gain,  and  reaches  the  eye  ot  the  spectator.   (^See  p.  Hi.) 
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Here  the  ray  SB  (of  the  secondary  rainbow)  strikes  the  drop  at 
B,  is  refracted  to  A,-is  tiien  rertected  to  C, -is  again  reflected  to 
D,  when  it  is  again  refracted  or  bent,  tiU  it  reaches  the  eye  of  the 
spectator. 

Q.     Why  are  the  colotjbs  of  the  second  low 

(HI  llETEUSED  ? 

A.  Because  in  one  bow  we  see  the 
rays,  which  enter  at  the  toy  of  the  rain- 
drops, refracted  from  the  bottom ; 

But  in  th^  other  bow  we  see  the  rays, 
which  enter  at  the  hottom  of  the  rain- 
drops (after  two  reflections)  refracted 
from  the  top. 

See  figure  on  next  page. 
Here  ABC  represent  three  drops  of  rain  in  the  secondary  (or 

upper)  RAINBOW. 

The  least  refracted  line  is  bed,  and  BtcE  the  most.  f 
So  the  BLUE  (or  most  refracted  rays)  of  all  the  drops  in  the  position  ^ 
Of  A,-the  YKLLQW  of  those  in  the  position  of  B,  and  the  aEu  (or  th8  ;» 
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least  refracted  rays)  of  the  lowest  drops,  all  meet]tlie  eye  D,  ani 
form  a  rainbow  to  tlie  spectator. 

The  reason  why  the  primary  how  exhibits  the  stronger  colours 
is  this— because  the  colours  are  seen  after  07ie  reflection  and  two 
refractions :  but  the  colours  of  the  secondary  (or  upper)  rainbow, 
tindergo  two  reflections  and  tioo  refractions. 

[See  figure  on  p.  412.)  Here  also  the  least  refracted  ray  is  red, 
and  the  most  refracted  blub  (as  in  the  former  case) ;  hut.the  position 
of  each  is  reversed, 

Q.     WTiij  does  a  soap  btibble  exhihit  such  a 

VAELETT  of  COLOUES  ? 

A.  Because  the  thickness  of  the  film 
througli  which  the  rays  pass,  is  con- 
stantly varying. 

Q.  Why  does  the  thick-ntess  of  the  film 
aff'ect  the  COLOUJI  of  a  soap  bubble  ! 
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A.  Because  different  degrees  of  thich 
ness  in  the  film  produce  different  powers 
of  refraction ;  and,  therefore,  where  the 
thichieas  of  the  film  varies,  different 
colours  reach  the  eye. 

^^^^e^e  a  spot  on  the  hubble  grows  excessively  thin,  it  appeara 
black,  because  it  then  transmits  all  the  light  and  reflects  none. 

Q.     Will/  is  a  SOAP  BUBBliB  so  constantly 

CnANGIN©  its  THICKNESS  ? 

A.  Because  water  runs  down  from  the 
top  to  the  bottom  of  the  bubble,  till  the 
crown  becomes  so  tlmi  as  to  burst. 

Q.     Will/  are  some  tilings  teauspaeent  ? 

A.  Because  they  are  so  constituted 
as  to  allow  the  vibrations  of  hght  to 
be  uniformly  transmitted  through  their 
substance. 

Q.    Why  are  some  tUngs  not  teanspaeent  ? 

A.  Because  they  are  so  constituted 
as  not  to  allow  the  vibrations  of  hght  to 
be  transmitted  through  their  substance. 

Therefore  they  are  seen  by  light  reflected  back  from  them,  instead 
of  allowSg  other  bodies  to  be  seen  by  light  transmitted  through 
them. 

Q.  Wiry  are  det  papee  and  calico  (which 
are  opaqueJ  made  transparent  ly  heing  oiled  ? 


TRANSPAEENCY. 


A.  Because  the  pores  are  filled  by 
the  oil,  which  has  a  difierent  refractive 
power  to  the  substance  of  the  paper 
itself: — by  this  means  the  substance 
acquires  the  property  of  transmitting 
vibrations  of  light. 

Q.  Why  are  SOME  things  snrNiNa,  and 
Dthers  DULli  ? 

A.  Because  some  things  reflect  rays, 
and  are  hright ;  but  others  absorb  them. 

Q.     Why  do  DE8EETS  DAZZLE /roOT  sunskine  ? 

A>  Because  each  grain  of  sand  reflects 
the  rays  of  the  sun,  hke  a  mirror. 

Q  Why  are  the  edges  of  clouds  more 
xuiirsoTJS,  than  their  centees  ? 

A.  Because  the  boclij  of  vapour  is 
thinnest  at  the  edges  of  the  clouds. 

Q.     Why  is  a  ray  of  light  composed  of 

VAEIOUS  COLOTJES  ? 

A.    To  vary  the  colour  of  different 

objects.    If  solar  light  were  of  one  uni- 

foiin  colour,  all  objects  would  appear  of 

that  one  colour,  or  else  black. 

Q.  Some  things  are  of  one  coloijb,  and 
gome  nf  ANOTHEH.    Explain  the  cause  of  this. 

A.    Every  ray  of  hght  is  composed  of 
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all  the  colours  of  the  rainbow ;  and  some 
things  reflect  one  of  these  colours,  and 
some  another. 

Q.  Why  do  some  things  reflect  one  coloue, 
and  some  another? 

A.  Because  the  surface  of  things  is 
differently  constructed,  both  physically  and 
chemically. 

As  the  thickness  of  a  cord  affects  the  tone  of  it,  so  the  thickness  of 
a  lamina  affects  its  colour,  as  may  be  seen  in  a  soap  bubble.  Thin 
th/lit  cords  produce  sharp  shrill  sounds,  and  thin  laminiE  produce 
bine  and  violet  colours.  Thick  loose  cords  produce  deep  bass  sounds, 
and  thick  laminae  red  colours. 

Q.       JVhl/  is  a  VIOLET  BTilTE  ? 

A.  Because  the  undulations  of  ether, 
which  touch  its  surface,  are  thrown  back 
with  the  utmost  rapidity ;  as  the  undu- 
lations of  sound  from  a  very  thin  tight 
cord  of  an  ^olian  harp. 

Blue,  or  rather  purp.e,  is  the  high  treble  vibration  of  light,  like  the 
upper  C  in  music.  In  order  to  produce  violet  colour,  the  undulations 
of  ether  must  he  G99  millions  of  millions  per  second  :  and  in  order 
to  make  high  C  in  music,  a  cord  must  vibrate  516  times  per  second. 

Q.     Wliy  is  a  rose  red  ? 

A.  Red  is  the  deep  bass  vibration  of 
ether,  in  which  the  undulations  are  as 
slow  as  they  possibly  can  be,  in  order 
to  be  apparent. 
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Hence  the  bUnd  man,  who  said  "  the  deep  blast  of  a  trumpet  was 
icarlet,"  felt  an  analogy,  -which  science  corroborates. 

To  produce  Ted,  the  ether  must  be  jerked  off  the  surface  of  the 
body  at  the  rate  of  477  millions  of  millions  vibrations  in  a  second : 
and  in  order  to  make  low  C  in  music,  the  air  must  vibrate  only  258 
times  m  a  second. 

Q.     Why  is  a  peimeose  yellow  ? 
A.    Yellow  is  made  by  the  medium 
vibrations,  as  the  middle  C  in  music. 

Q.      Why  are  some  things  black,  like  coals  T 

A.  Because  their  surface  will  not 
reflect  the  undulations  of  ether  which 

•  touch  it :  in  consequence  of  which,  they 
y  cease. 

These  surfaces  are  to  light,  what  insonorous  substances  are  to 
I  tonmd. 

Q.     Why  are  some  things  "white,  like  a  lily  ? 

A.  Because  their  surface  is  so  con- 
I  structed  as  to  set  in  motion  the  undula- 

•  tions  of  ether,  so  that  all  the  rays  are 
reflected  together,  as  harmonious  tones 
:  in  a  full  chord  of  music. 

Q.     Why  are  teoth,  speat,  many  olotjds, 

)  PAT,  LIME,  THEEAD,  SfC.,  SfC,  white  ? 

A.    Because  they  consist  of  an  infinite 
number  of  little  particles  piled  one  upon 
;  another,  which  are  able  to  reflect  all  the 

•  coloured  r«>'9. 
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Q.     Why  are  bones  white  ? 

A.  Because  they  are  composed  of 
very  small  straight  pipes,  capable  of 
reflecting  all  the  colours  together :  60() 
would  be  no  thicker  than  a  hair. 

On  the  colour  of  snow,  sugar,  salt,  &c.,  see  p.  351. 

Q.     Why  are  the  leates  of  plants  green  ? 

A.  Because  a  pecuhar  chemical  prin- 
ciple, called  cho'rophyll,  is  formed  \vithm 
their  cells. 

Chlorophyll  x^P^v  ^iKKov,  {a  green  leaf)  is  the  green  matter 
of  vegetable  substances.   Pronounce  klo'-ro-fill. 

Q.     Why  are  leaves  a  light  green  in  spei^tg  ? 

A.  Because  the  chlorophyll  is  not 
fully  formed. 

Q.     Why  do  leaves  turn  buowtt  in  atjttjmn  ? 

a'.  Because  the  chlo'rophyll  under- 
goes decay ;  and  is  not  replaced  as  it  is 

in  spring. 

Q.  Why  are  plants  a  PAXE  yellow,  when 
Tcept  in  the  daek  ?  i    p  j 

A.  Because  chlo'rophyll  can  be  formed 
only  by  the  agency  of  the  suns  rays. 

Q.     Why  are  potatoes  yellow  ? 

A.  Because  they  are  grown  under- 
ground:  and  therefore,  can  form  uo 
chlo'rophyll  m  their  tubers. 
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Q.  Why  are  potatoes  (which  grow  exposed 
to  the  air  and  light )  GREEN  ? 

A.  Because  chlo'rophyll  is  formed  in 

them,  under  the  influence  of  the  sun's 
Ught. 

Q.  Why  do  the  stars  twinkle  ? 

A.  Because  rays  of  hght,  proceeding 
from  the  same  centre  of  vibration,  destroij 
each  other,  owing  to  the  inequahty  of 
their  paths,  producing  recurring  periods 
of  momentary  darkness. 

The  differing  refrangibility  of  the  atmospheric  strata  passed 
through,  U  the  principal  cause  of  the  inequality  in  the  motion  of 
the  successiTe  systems  of  waves. 

The  similarity  between  sound  and  light  has  been  already  adverted 
to  in  pp.  418,  419. — ^In  this  particular  we  find  another  forcible  re- 
semblance, viz. : 

I.  Two  B00JID8  IXTKRCEPTINO  EACH   OTHia's   OSCILLATIONS  at 

opposite  phases,  will  both  be  silenced. 

Vibrate  a  tuning  fork,  and  hold  it  over  the  mouth  of  a  glass 
beaker,  the  air  will  instantly  assume  sonorous  vibrations,  and  a 
lone  will  be  produced. 

Now  hold  a  beaker  at  right  angles  to  the  other,  and  the  musical 
tone  will  instantly  cease.  Withdraw  the  second  glass,  and  the  tone 
recums.  Uold  it  again  at  right  angles  to  the  other,  and  the  tone  is 
silenced ;  and  this  may  be  repeated  several  times. 

II.  So  also  TWO  KATS  OP  LIGHT  INTBBCBPTniO  BACB  OTEBE  at 

opposite  phases,  will  produce  daokness. 

Because  the  depression  of  one  set  of  waves  will  be  exactlr  mea- 
sured by  the  elevafion  of  the  other  set,  and  i^ice  versa.   To  exptaiM 
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If  B  were  fitted  into  A,  as  the  depression  of  B  is  exactly  com- 
mcnsurate  with  the  elevation  of  A,  the  two  wavy  lines  would  matt 
a  lev-el  surface. 


Again,  suppose  A  the  undailations  of  one  star,  and  B  those  of 
another,  exactly  half  a  phase  different,  then  it  is  evident  that  the 
elevations  and  depressions  of  A  would  be  exactly  destroyed  by  the 
depressions  and  elevations  of  B ;  and  the  result  of  such  an  inter- 
ference may  be  illustrated  by  the  following  algebraic  formula : 


Here  A  D  is  a  waTe,  A  C  one  phase,  C  D  its  opposite  phase. 

Q.  If  you  move  a  stick  (lurntat  one  end  j 
pretty  Iriskly  eound,  it  seems  to  make  a  cibcle 
OE  riEE,  —Why  is  this  ? 

A.    Because  tlie  eye  retains  the  image 
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|(of  any  bright  object,  after  the  object  itself 
xis  witlidrawn;  and  as  the  spark  of  the 
sstick  retm-ns  hefore  the  image  has  faded 
{from  the  eye,  it  seems  to  form  a  complete 
ccircle. 

Q.     Jf  separate  Jigures  (as  a  man  and  a  liorse) 
le  drawn  on  different  sides  of  a  card,  and  the 
ccard  twisted  quickly,  the  man  will  seem  to  be 
tseated  on  the  horse, — Why  is  this  ? 

A.  Because  the  image  of  the  horse 
rremains  upon  the  eye,  till  the  man  appears. 

The  ThaumatTope  is  constructed  on  this  principle ;  it  -was  invented 
iby  Dr.  Paris,  and  consisted  at  first  of  a  piece  of  circular  card,  having 
I  two  silk  strings  fastened  at  the  two  extremes  of  its  diameter  :  by 
I  twisting  the  strings,  the  card  is  turned  round  -with  great  rapidity, 
land  the  man  on  one  side  of  the  card  seems  seated  on  the  horse 
M>ainted  on  the  ohverse  side.  The  magnificent  conformations  of 
^coloured  waves,  by  the  same  instrumeat,  is  a  great  improvement 
ion  the  original  toy. 

Q.  If  we  looh  at  a  TSiED-hot  riEE  for  a  few 
minutes,  tvhx  does  every  thing  seem  tlnged  loith 

n  BLUISH  GEEEN  ColoWT  ? 

k.  Because  bluish  green  .  is  the 
'"'accidental  coloue"  of  red:  If  we  fix 
I  our  eye  upon  amj  colour  whatsoever,  we 
fsee  ever}'  object  tinged  with  its  accidental 
'.colour,  when  we  turn  aside. 

"Accidental  co»otir,"  see  note,  p.  425. 
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Q.  Why  does  the  eye  perceive  the  accidental 
COLOUE,  when  the  fundamental  one  is  removed? 

A.  Because  the  nerve  of  the  eye  has 
become  tired  of  the  one,  but  still  remains 
fresh  for  the  perception  of  the  other. 

Q.  If  we  wear  blue  glasses,  lohy  does  every 
thing  appea/r  tinged  with  OEAUaE,  when  we  take 
them  off? 

A.  Because  orange  is  the  "accidental 
colour"  of  blue  :  and  if  we  look  through 
Hue  glasses,  we  shall  see  its  "  accidental 
colour"  when  we  lay  our  glasses  aside. 

Q.  If  we  look  at  the  svsfor  a  few  moments, 
every  thing  seems  tinged  with  a  violet  colour, — 
"Why  is  this  ? 

A.  Because  molet  is  the  "  accidental 
colour"  of  yellow;  and  as  the  sun  is  ijel- 
low,  we  shall  see  its  "  accidental  colour" 
blue,  when  we  turn  from  gazing  at  it. 

Q.  Does  not  the  dark  shadow  (which  seem 
to  hanq  over  every  thing,  after  we  turn  from 
looking  at  the  sun)  arise  from  our  eyes  being 

DAZZLED  ? 

A.  Partly  so  :  the  pupil  of  the  eye  is 
very  much  contracted  by  the  brilliant  light 
of  the  sun,  and  does  not  adjust  itself 
immediately  to  the  feebler  hght  of  terres- 
tiial  objects ;  but,  independent  of  this, 
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the  "  ACCIDENTAL  COLOUR"   of  tllG  SUn 

(iDeing  dark  violet,  would  tend  to  throw  a 
sshadow  upon  all  things.    {Seep.  383.) 

Q.  Wliy  is  BLACK  fflass  for  spectacles  the 
IBEST  for  wear,  in  this  respect  ? 

A.  Because  ivliite  is  the  accidental 
^colour  of  Uack;  and  if  we  wear  hlack 
ijlasses,  every  thing  will  appear  in  white 
light,  when  we  take  them  off. 

Q.  does  every  thing  seem  shadowed  with 

\a  BLACK  MIST,  when  toe  take  off  our  common 

iSPBCTACLES  ? 

A.  Because  the  glasses  are  lohite : 
mnd  black  being  its  "  accidental  colour," 
?every  thing  appears  in  a  hlack  shade^ 
mhen  we  lay  our  glasses  down. 

The  accidental  colour  of  red        is  bluish  green. 
„        „  „      of  oi-ange    „  blue. 

„         „  „      of  violet      ,,  yellow. 

„         „  „      of  black      „  white, 

k&nd  the  converse  of  this  is  true : — 

The  accidental  colour  of  bluish  green  is  red. 
„         „  „      of  blue  „  orange. 

„         „  „      of  yellow  „  violet. 

„         „  „      of  white  „  black. 

(The  law  of  an  accidental  colour  is  this — The  accidental  colour  it 
always  half  the  spectrum.    Thus  if  we  take  half  the  length  of  the 
■pectrum  by  a  pair  of  compasses,  and  fix  one  leg  in  any  colour,  the 
>  other  leg  will  hit  upon  its  accidental  colour.) 

N.B.— The  spectrum  means  the  seven  colours  {red,  orange,  yellow, 
t  green,  bUie,  indisfo,  aurt  violet,)  divided  into  seven  equal  bands,  and 
placed  side  by  side  in  the  order  just  mentioned. 
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CHAPTER  XXVIII. 


SOUND. 


Q.     Hoio  is  ^ovTSiJ)  produced  ? 

A.  The  yibration  of  some  sonorous 
substance  produces  a  corresponding  mo- 
tion in  the  air,  which  strikes  upon  the 
drum  of  the  ear,  and  gives  the  sensation 
of  sound. 

Q.     Wliat  are  musicaii  soimDS  ? 

A.  Regular  and  uniform  successions 
of  vibrations. 

Q.     Sow  fast  does  sound  teavel  ? 

A.  About  13  miles  in  a  minute,  or 
1142  feet  in  a  second  of  time. 

Light  would  go  8  times  round  the  whole  earth,  while  sound  is 
going  its  13  miles. 

Q.  WTiy  are  some  things  sonorous,  and  others 
NOT  ? 

A.  The  sonorous  quality  of  any 
substance,  is  connected  wiih  its  hardness 

and  elasticity, 

Q.  Why  are  'coppeb  and  iron  sonorous, 
and  not  lead  ? 
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A.  Because  copper  and  iron  are  hard 
and  elastic  ;  but  lead,  being  neither  hard 
nor  yet  elastic,  is  not  sonorous. 

Q.     Of  tvhat  is  BEiii-METAL  made  ? 

A.  Of  copper  and  tin  in  the  following 
proportions  : — In  every  5  pounds  of  bell- 
metal,  there  should  be  1  lb.  of  tin,  and 

4  lbs.  of  copper. 

Q.     Why  is  this  mixture  of  tin  cmd  copper 

used  for  BELL-METAIi  ? 

A.  Because  it  is  much  harder  and 
more  elastic,  than  any  of  the  pure 
metals. 

Q.  WJiy  is  the  sound  of  a  hell  stopped,  by 
TOrrcnrsTG  the  bell  with  our  finger  ? 

A.  Because  the  weight  of  our  finger 
stops  the  vibrations  of  the  bell :  and  as 
soon  as  the  bell  ceases  to  vibrate,  it  ceases 
to  make  sound-waves  in  the  air. 

Q.  Why  does  a  split  bell  make  a  hoarse 
disagreeable  sound? 

A.  Because  the  split  of  the  bell 
causes  a  double  vibration:  And  as  the 
sound-waves  clash  and  jar,  they  impede 
each  other's  motion,  and  produce  discor- 
dant sounds. 
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Q.  Why  do  riDDLE-STEiNGS  give  musical 
sounds  ? 

A.  Because  the  bow  causes  them  to 
vibrate  ;  and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air,  and  produces 

musical  notes. 

Q.     Why  does  a  deT/M  sound  ? 

A.  Because  the  parchment  head  of 
the  drum  vibrates  from  the  blow  of  the 
drum-stick,  and  sets  in  motion  the 
soun  d-waves  of  the  air. 

Q,     Why  do  musical  glasses  yiwe  sound? 

A.  Because  the  glasses  vibrate  when 
they  are  struck,  and  set  in  motion  the 
sound-waves  of  the  air. 

Q,  Wliy  do  FLUTES,  8fc.,  produce  mttsica, 
sounds  ? 

A.  Because  the  breath  of  the  per- 
former causes  the  air  in  the  flute  to 
vibrate  ;  and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air. 

Q.  Wliy  do  piANO-EOETES  produce  musical 
sounds  ? 

A.  Because  each  liey  of  the  piano 
(being  struck  with  the  finger)  lifts  up  a 
htcle  hammer^  which  knocks  against  a 
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string ;  and  the  vibration  thus  produced, 
sets  in  motion  the  sound-waves  of  the  air. 
Q.     Whi/  are  some  notes  bass,  and  some 

TEEBLE  ? 

A.  Because  sloio  vibrations  produce 
hass  or  deep  sounds ;  but  quick  vibrations 
produce  shrill  or  treble  ones. 

The  deepest  bass  sound  audible  is  produced  by  32  vibrations  in  a 
second ;  the  sharpest  treble  sound  by  15,000. 

Tha  note  of  any  higher  octave  is  produced  by  twice  as  many  vibra- 
tions, as  the  corresponding  note  of  the  octave  b.  low.  Thus  if  C  on 
the  piano  be  produced  by  258  vibrations  in  a  second,  then  the  octave 
(or  eighth  nole'^igher)  would  be  produced  by  516  vibrations  in  the 
same  time,  and  the  eighth  note  lower  by  129  vibrations.  (See  p.  418.) 

Q.  Why  is  an  instrument  flat,  when  the 
ttrings  are  UNSTETTNa  ? 

A1  Because  the  vibrations  being  too 
sloiD,  the  sounds  produced  are  not  shrill 
or  sharp  enough. 

Q.  Will/  can  persons,  living  a  mile  or  two 
from  a  toivn,  hear  the  bells  of  the  town-church 
BOMETiiiES,  and  not  at  others  ? 

A.  Because  fogs,  rain,  and  snow 
obstruct  the  passage  of  sound ;  but  when 
the  air  is  cald  and  clear,  sound  is  propa- 
gated more  easily. 

The  direction  of  the  wind  will  often  account  for  this  fact, 
Q.     Why  can  we  not  hear  sounds  ( as  those 

of  distant  church  bells)  in  eaint  or  snowy  weather, 

80  well  as  in  tine  weather  t 
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A.  Because  falling  rain  or  snow 
interferes  with  the  undulations  of  the 
sound-waves^  and  stops  their  progress. 

Q.  WTiy  can  we  hear  distant  clocTcs  most 
distinctly  in  clear  cold  weather  ? 

A.  Because  the  air  is  of  more  uni- 
fomi  density,  and  there  are  feioer  currents 
of  air,  of  unequal  temperature,  to  in- 
terrupt the  sound-waves. 

Besides,  dense  air  cau  propagate  soiind-'waves  more  readily  than 
rarer  air. 

Q.  W7/1/  can  persons  (near  tlie  poles)  hear 
the  VOICES  of  men  in  conversation  a 'iS.iL^  distant 
in  winter  time  ? 

A.  Because  the  air  is  very  cold,  clear, 
and  still;  in  consequence  of  which,  there 
are  but  few  currents  of  air  of  unequal 
temperatm-e  to  interrupt  the  sound-waves. 

Captain  Koss  heard  the  voices  of  his  men  in  conversation  a  mile 
and  a  hulf  from  the  spot  -where  they  stood ;  and  Lieutcnimt  Foster 
held  a  fonversation  with  a  man  across  the  harbour  of  Port  Bowen, 
(in  the  North  Sea,)  a  distance  of  a  mile  and  a  quarter. 

Q.  Why  are  not  sounds  f such  as  those  of 
distant  church  hells  J  heard  so  distinctly  on  a  hot 
BAT,  as  in frosty  weather  ? 

A.  1st. — Because  the  density  of  the 
air  is  less  uniform  in  very  hot  weather ; 
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gndly — It  is  more  rarefied;  and,  con- 
sequently, a  worse  conductor  of  sound  r 
and 

3i-clly — It  is  more  liable  to  accidental 
currents,  which  impede  the  progress  of 
sound. 

Q.  W^y  can  we  not  Tiear  sounds  (such  as 
(hose  of  distant  clocks)  so  distinctly  in  a  thick 
MIST  or  HAZE,  as  in  a  clear  night  ? 

A.  Becfause  the  density  of  the  air  is 
not  so  uniform  when  it  is  laden  with 
mist;  in  consequence  of  which,  its 
sound-waves  are  obstructed  in  their 
progi'ess. 

Q.  Why  do  we  hear  sounds  letter  ly  night, 
than  hy  day  ? 

A.  1st — Because  night  ab  is  of  more 
uniform  density,  and  less  liable  to  acci- 
dental  currents  ;  and 

Sndly — Night  is  raore  still,  from  the 
suspension  of  business  and  the  hum  of 
men. 

Q.  Why  is  the  air  of  more  unifoem  den^ 
tity  hy  UIGHT,  than  it  is  hy  day  ? 

A.    J^ecause  the  breezes  (created  by 
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the  action  of  the  sun's  rays)  generally 
cease  at  night-fall. 

Q.  Mow  should  PAETITION  WALT-S  be  made, 
ifo  PBEVENT  the  voices  in  adjoining  rooms  from 
leing  heard  ? 

A.  The  si3ace  between  the  laths  (or 
canvass)  should  be  filled  with  shavings 
(or  saw-dust ;)  and  then  no  sound  would 
pass  from  one  room  to  another. 

Q.  Why  would  shavings,  or  saw-dust,  pre- 
vent the  transmission  of  sound  from  room  to 
room  ? 

A,  Because  there  would  be  several 
different  media  for  the  sound  to  pass 
through  :  1st— the  an- :  Sndly — the  laths 
and  paper :  3rdly — the  saw-dust  or  sha- 
\ings:  4thly— lath  and  paper  again: 
6thly — the  air  again  :  and  every  change 
of  medium  reJsts  the  progress  6i  the 
sound-waves. 

Q.     Wliy  can  deaf  people  hear  through  an 

EAE  TETJMPET  ? 

A.  Because  it  restrains  the  spread  of 
the  voice,  and  hmits  the  diameter  of  the 
sound-waves;  in  consequence  of  which, 
then-  strength  is  increased. 

Q.    Why  are  MouxTAiifs  noiseless  and  quiet! 


ECHO 


433 


A.  Because  the  air  of  mountains  ia 
xvcry  rarefied ;  and  rarefied  air  is  a  bad 
I  medium  for  conducting  sound. 

On  tbe  other  hand,  slight  sounds  in  a  di-^ing-hell,  when  the  air  ia 
TTiuch  condensed  by  the  upward  pressure  of  the  water,  are  very 
tjitense,  and  sometimes  even  painful. 

Q.  How  do  you  know,  that  the  rarity  of  air 
II)IM1XISHE3  the  intensity  of  sound  ? 

A.  If  a  bell  be  rung  in  the  receiver 
cof  an  air  pump,  the  sound  becomes 
jfainter  and  fainter,  as  the  an  is  exhausted; 
itill  at  last  it  is  almost  inaudible. 

Q.     TFJiat  is  the  cause  of  echo  ? 

A.  Whenever  a  sound-wave  strikes 
fagainst  any  ohstacle  (such  as  a  wall  or 
JhTU)  it  is  reflected  (or  thrown  back) ;  and 
iithis  reflected  sound  is  called  an  echo. 

The  same  laws  govern  echo  as  light.   {See  p.  387.) 

Q.     What  places  are  most  famous  for  ECHO  ? 

A.    Caverns,   grottoes,  and  ruined 
•(abbeys ;  the  areas  of  halls ;  the  windings 
;  .of  long  passages  :  the  aisles  of  cathedral 
churches:  mountains,  and  icebergs. 
Q.     WTiy  are  caverns,  and  grottoes,  eamotjb 

■for  ECHOES  ? 

A.    Because  the  sound-waves  which 
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cannot  pass  through  the  cavern  or  grotto, 
are  driven  back  again  from  their  sides. 

Q.  Why  are  Jialls,  winding  passages,  ruing, , 
and  catJiedral  aisles,  rAMOUS  for  echoes  ?  | 

A.    Because  the  sound  waves  cannot  j 

flow  freely  forward  in  them :  but  strike 

against  the   opposing  walls  and  ai-e 

beaten  hach. 

Q.     Why  are  mototains  and  ice-lergs 

PAMOIISyor  ECHOES  ? 

A.    Because  they  present  an  insur-i 
mountable  harrier  to  the  sound-waves, 
and  throw  them  hack  again. 

Q.  Why  do  not  the  walls  of  an  ordinartf 
EOOM  or  small  church  produce  perceptible  echo?  I 

A.  Because  sound  travels  with  such 
velocity,  that  the  echo  is  hlended  with  the 
Mginal  sound ;  and  the  two  produce  but 
one  impression  on  the  air. 

Sound  travels  13  miles  in  a  minute ;  and  no  perfect  echo  is  heard 
unless  the  surface  (against  which  the  sound  strikes)  is  65  feet  from 
the  place  whence  the  sound  originally  proceeded. 

Q.  Why  do  very  laege  buildings  (as  cathe- 
drals),  often  eeveebeeate  the  voice  of  the 
speaker ? 

A.  Because  the  walls  are  so  far  off 
from  the  speaker  that  the  echo  does  not 
get  hack  in  time  to  blend  with  the  original 
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sound;  and,  therefore,  each  is  heard 
:  separately. 

Q.     Why  do  SOME  echoes  repeat  only  ONB 
syllable  P 

A.    Because  the  echoing  body  is  very 
i  near.    The  further  the  echoing  body  is 
off,  the  more  syllables  it  will  reflect :  If, 
!  therefore,  it  be  very  near,  it  will  repeat 
but  one  syllable. 

Q.    Will/  does  an  ECHO  sometimes  repeat  TWO 
I  or  more  syllables  ? 

A.    Because  the  echoing  body  is  far 

I  o/;  and  there  is  time  for  one  reflection 
to  pass  away,  before  another  reaches  the 
ear. 

i  N.B.— All  the  syllables  must  be  uttered  before  the  echo  of  the 
( I  first  syllable  reaches  the  ear— If,  therefore,  a  person  repeats  seven 
I !  syllables  in  two  seconds  of  time,  and  hears  them  all  echoed,  the 
i  reflecting  object  is  1142  feet  distant ;  (because  sound  travels  1142 
\     feet  in  a  second,  and  the  words  take  one  second  to  go  to  the  reflect- 

I I  ing  object,  and  one  second  to  return.) 

I  Q.     Why  are  two  or  more  echoes  sometimes 

I  heard  ? 

A.    Because  separate  reverberating 

I  surfaces  receive  the  sound,  and  reflect  it 

I  in  succession. 

I  Seventeeu  miles  above  Glasgow  (Scotland)  near  a  mansion,  cailed 

ft  Eosneath,  is  a  very  remarkable  echo.  If  a  trumpeter  plays  a-  tune, 
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the  echo  wiU  begin  the  same  tune  and  repeat  it  all  accurately  .— m 
aeon  as  lUs  echo  has  ceased,  avother  will  echo  the  same  tune  m  a 
lower  tone  :  and  after  the  second  echo  has  ceased,  a  third  will  suc- 
ceed with  equal  fideUty,  though  in  a  much  feebler  tone. 

At  the  Lake  of  Killarney,  in  Ireland,  there  is  an  echo,  which 
plays  aa  excellent  "  second"  to  any  simple  tune  played  on  a  bugle. 

Q.  Wliy  do  WINDOWS  eattle  when  caets 
pass  hy  a  home  ? 

1st — Because  glass  is  sonorous; 
and  the  air  communicates  its  vibrations 
to  the  glass,  which  echoes  the  same 

sound:  and 

2ndly— The  window-frame  being  sha- 

hen,  contributes  to  the  noise. 

Window  frames  are  shaken,  l.-By  sound-wayes  taP^npnf 
against  them :  2.-By  a  vibratory  motion  commumcated  to  them  by 
v£e  walls  of  ue  bouse. 


CHAPTER  XXIX. 


MISCELIi  ANEOIJS. 


Q.  Why  do  the  bubbles  m  a  cup  of  tea 
range  round  the  sides  of  the  cup  ? 

A.    Because  the  cup  attracts  them. 


ATTRACTION. 


Q.  IVhy  do  all  the  little  bubbles  tend 
towards  the  large  ones? 

A  Because  the  large  bubbles  (being 
the  superior  masses)  attract  them. 

Q.     Whi/  do  the  BUBBLES  o/"  a  CUP  OF  tea 

rOLLO"W  a  TEA-SPOOK  ? 

A.  Because  the  tea-spoon  attracts 
them. 

Q.  TVhy  are  the  sides  of  a  pond  covered 
with  LEAVES,  while  the  middle  of  the  pond  ia 
quite  CLEAE  ? 

A.  Because  the  shore  attracts  the 
leaves  to  itself. 

If  there  be  any  wind  stirring,  it  -will  drive  floating:  bodies  to  one 
side  independently  of  this  attractive  force. 

Q.  Why  do  all  fruits,  Sfo.  (when  severed  from 
the  tree )  fall  to  the  eabth  ? 

A.    Because  the  earth  attracts  them. 

Q.  Why  do  persons  (who  water  plants)  very 
often  pour  the  water  into  the  sauceb,  and  not 
over  the  plawts  ? 

A    Because  the  water  in  the  saucer 

is  draivn  up  by  the  mould  (through  the 

hole  at  the  bottom  of  the  flower-pot) 

and  transferred  through  the  root  to  the 

stem  and  leaves  of  the  plant  by  capillary 

ATTRACTION.    {See  p.  76.) 
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Q.  Why  is  vegetation  on  tTie  mab&iw  of  a 
EITEB  more  luxueiant,  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the 
bank  draws  up  water  to  the  roots  of  the 
plants  by  capillary  attraction. 

Q.  Why  is  a  lump  of  stjgae  {left  at  the 
loitom  of  a  cup)  so  long  in  melting  ? 

A.  Because  (as  it  melts)  it  makes  the 
tea  around  it  heavier :  and  (so  long  as  it 
remains  at  the  bottom)  is  smTOunded  by 
tea  fully  saturated  with  sugar;  in  con- 
sequence of  ^vhich,  the  same  portions  of 
liquid  will  hold  no  more  sugar  in  solution. 

Q.     Why  does  a  lump  of  sugae  melt  more 

QUICKLY,  when  STIEEED  ABOUT  ? 

A.  Because  fresh  portions  of  unsatu- 
rated tea  come  in  contact  with  the  lump, 
and  soon  dissolve  it. 

Q.  Why  does  a  piece  op  sugab  (held  in  a 
woon  at  the  top  of  our  tea)  melt  very  eapiult  ? 

A.  Because,  as  the  tea  becomes 
sweetened,  it  descends  to  the  bottom  of  the 
tup  by  its  own  gravity ;  and  fresh  portions 
j)f  unsweetened  tea  ai-e  brought  con- 
stantly into  contact  with  the  sugar,  till 
the  lump  is  entirely  dissolved. 


TAINT  EEMOVED.  -139 


Q.  S.OW  can  a  sick  boom  he  kept  FEEEyrowi 
unhealthy  effluvia  ? 

A.  By  sprinkling  it  with  a  solution 
chloride  of  lime. 

Q-  Why  is  CHLOEIDE  of  LIME  used  to 
fumigate  a  sicTc  room  ? 

A.  Because  the  chlorine  absorbs  the 
noxious  gases  of  the  confined  air  ;  and  by 
this  means  removes  both  the  offensive 
smell  and  the  infection  of  a  sick  room. 

Q.  Why  does  limb  destroy  the  offensive 
smells  of  BiKS,  sewees,  ^c.  ? 

A.  Because  it  decomposes  the  offen- 
sive gases  upon  which  the  smell  depends, 
and  destroys  them,  by  chemical  union. 

Q.     How  can  the  taint  of  meat  he  removed  ? 

A.    Either  by  washing  with  pyeolig- 

NEOUS  ACID, — or  by  covering  the  meat 

for  a  few  hours  with  common  charcoal, 

or  by  putting  a  few  lumps  of  charcoal 

into  the  ivater  in  which  it  ivas  hoilecl. 

Q.  Why  do  these  things  DJ.smoY  the  taint 
of  meat? 

A.  Because  they  combine  with  the 
putrescent  particles,  and  neutralize  their 
offensive  taste  and  smell. 
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SLEEP. 


Q.  Why  should  bed-kooms,  cottages,  hos- 
pitals, and  8TABLBS,  he  washed  occasionally  with 

LIMB-WHITE  ? 

A.  Because  lime  is  very  caustic,  and 
removes  all  organic  matters  adhering  to 
the  walls. 

Q.  Why  is  a  dead  ma7i  tallee  than  a  living 
one  ? 

A.  Because  at  death  the  cartilages 
are  relaxed.  So,  also,  after  a  night's 
rest,  a  man  is  taller  than  when  he  went 
to  bed. 

Q,     What  is  sleep  ? 

A.  Sleep  is  the  rest  of  the  brain, 
and  the  sensitive  and  motor  parts  of  the 
nervous  system. 

"  Motor  "  (from  the  Latin  moveo  to  move,)  those  parts  -which  are 
connected  with  animal  motion. 

Q.     WTiy  do  we  not  see,  when  we  are  asleep 

with  our  EYES  OPEN  ?  ^ 

A.  Because  the  "  retina  of  the  eye' 
is  inactive  and  at  rest.    {See  p.  406.) 

Q.     Why  do  we  not  heae  in  sleep  ? 

A.  Because  the  nerve  of  hearing 
(seated  withm  the  tympanum  of  the  ear) 
is  at  rest. 


DREAMING. 
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Q.  Why  do  we  not  taste,  tohen  we  are 
asleep  ? 

A.  Because  the  nerves  at  the  end  of 
the  tongue  (called  papillae)  ai'e  inactive 
and  at  rest. 

Q.     Wliy  do  we  not  feel  wTien  we  are  asleep  ? 

A.  Because  the  ends  of  the  nerves 
('called  papillae)  situated  in  the  skin,  are 
inactive  and  at  rest. 

Some  of  the  phenomMia  of  dreaming  seem  to  show  that  the  func- 
tions of  the  organs  of  «ense  are  performed.  It  is  the  power  of 
perception  rather  that  is  dormant. 

Q.  WJiy  Tiave  persons  in  sleep  no  will  of 
their  own,  but  may  he  moved  at  the  will  of  any  one  ? 

A.  Because  the  entire  nervous  system, 
upon  some  of  whose  functions  the  exer- 
ci.^e  of  will  depends,  is  inactive  and 
nt  rest. 

Q;.     Wht/  has  a  deeameb  no  power  of  JTJDa- 

IIENT  or  EEASON  ? 

A.  Because  the  parts  of  the  brain 
concerned  in  the  performance  of  these 
functions  are  inactive  and  at  rest. 

Q.     Why  does  a  person  eeel  when  he  is 

TOUCHED  ? 

A.  Because  the  ends  of  certain  nerves 
which  terminate  in  the  skin,  ai'e  excited  ; 
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and  this  produces  a  nervous  sensation, 

called  FEELING. 
The  termination  of  the  nerves  mentioned  are  called  "  Papillte." 

Q.     Why  are  persons  able  to  taste  diitebent 

rLAYOUES  ? 

A.  Because  the  "papillae"  of  the 
tongue  and  palate  are  excited  when  food 
touches  them;  and  this  produces  a 
nervous  sensation,  called  taste. 

Q.     What  is  the  use  of  saliva  ? 

A.  1st — It  mixes  mechanically  with 
our  food,  reducing  it  to  a  soft  pulpy 
state:  and 

2ndly — It  has  certain  chemical  pro- 
perties, which  greatly  assist  digestion. 

Q.  Why  does  the  savour  of  delicioiis  food 
make  the  mouth  of  a  hungry  man  watee  ? 

A.  Because  the  sahvary  glands  are 
excited  by  the  savour  of  the  food. 

This  is  a  ■wise  provision  of  God,,  ■who  thus  excites  the  flo-w  ot 
saliva  by  the  odour  of  the  food,  before  it  is  needful  to  masticate  and 
swallow  it. 

Q.     Why  is  baIjIV A  frothy  ? 

A.  Because  it  contains  air,  in  order 
that  it  may  introduce  oxygen  into  the 
stomach. 


APPENDED  OF  MISCELLANEOUS  QUESTIONS 

For  the  ingenious  reader  to  solve. 


The  figures  rafer  to  the  page,  where  some  cognate  question  may  be  found. 

1.  Why  does  abundance  of  dew  in  the  morninfr  indicate  that  the 
day  will  hejine  !  p.  211. 

2.  Why  does  an  oar  in  water  appear  bent  f  p.  404. 

3.  If  a  piece  of  brown  paper  be  submitted  to  the  action  of  a 
turning-glass,  it  will  catch  fire  much  sooner  than  a  piece  of  white 
paper  would:    Why  sol  ^.  195. 

4.  .Why  does  a  blue  dress  appear  green  by  candle-light  ?   p.  47, 

5.  Hvhy  does  the  ««n  look  rerf  in  a/05'.»  p.  145. 

6.  An  ink-spot  on  linen  is  first  black,  why  does  it  afterwards  turn 
:  yellow  ?  p.  419. 

7.  Why  is  it  dangerous  to  row  a  boat  under  a  bridge! 

8.  Why  does  a  candle  flieker,  especially  just  preyious  to  its  bein? 
iurnt  out  ?  p.  80. 

9.  If  the  "  copper"  (or  boiler)  attached  to  a  kitchen  range  be 
filled  with  cold  water  after  tha  fire  has  been  lighted  some  time,  it 
■will  Tery  often  6t«ra< :   Why?  ^p.  126,  127. 

10.  Why  do  all  things  appear  black  in  the  dark  ?  p.  418. 

11.  Why  are  the  flag-stones  of  our  streets  frequently  loosened 
tAerii  frost?  367. 

12.  Why  is  a  room  warmer  when  the  window  curtains  are  drawnt 
,  jj).  182,  183. 

13.  Why  are  rooms  much  warmer  for  being  furnished  with 
.  douhle  doors  and  windows  like  Kensington  Palace?  pp.  182,  183. 

14.  Why  is  loose  clothing  warmer  than  that  which  fits  close  t 
I  p.  183. 

15.  Why  does  wetting  a  cornelian  make  it  more  transparent  t 
p.  421. 

16. '  Why  Aoes  painting  iron  prevent  it  from  rusting  ?  p.  259. 

17.  Why  is  a  dull /re  revived  by  sweeping  clean  the  hobs,  bars, 
•ah-grate,  &c.,  of  the  stove  ?  pp.  52,  53. 

1-8.   Why  does  s«rrin^  a  dull  preserve  to  quicken  it?  pp.  52,  53. 

19.  Why  does  soapy  water  "  lather?"  p.  365. 

20.  Why  is  well-made  bread  full  of  holes  or  eyes  ?  p.  288. 

21.  Whar  do  the  sails  of  a  wind-mill  turn  roimd?  p.  113. 

22.  If  you  strike  a  finger-glass,  why  is  the  sound  silenced  by 
I  touching  the  glass  with  your  finger  ?  p.  426. 

23.  Wi^j  does  a  wet  sponge  clean  a  slate  }  p.  3C2. 
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24.  Why  do  stars  twinkle  more  than  usual  just  previous  to  rain  t 
p.i2l. 

25.  Why  does  mtJfc  fcotJ  o»er  more  readily  than  water?  p.  365. 

26.  If  a  picture  be  glazed,  you  cannot  see  it  in  certain  positions : 
"Why  not!  p.  396. 

27.  Dttst  very  rarely  flies  by  night :  Why  so  ?  p.  227 . 

28.  Why  does  the  cork  of  a  soda-water  bottle  make  a  loud  report, 
•when  drawn  1  p.  108. 

29.  ^Yhy  does  the  cork  of  R  soda-boater  bottle  ^j/  off,  as  soon  as  it 
has  been  released  from  the  bond  which  held  it  in ?  p.  277. 

30  Why  do  our  hands  and  lips  chap  in  frosty  and  windy  weather  I 
p.  333. 

31.  When  a  black  subsoil  is  dug  or  ploughed  up,  it  turns  of  a 
redcUsh  brmcn  after  a  short  time  :  Why  is  this  1  p.  260. 

32.  Why  are  decaying  vegetables  always  wet  ?  p.  284. 

33  If  a  house  be  faced  with  stucco  to  resemble  stone,  why  does 
the  facing  very  often  Jlake  off  in  winter,  and  leave  the  house  un- 
sightly? p.  375.  .     ^     ...V-  », 

84.  Why  do  the  lustres  of  a  chandelier  seem  tmted  with  sucn. 
various  and  beautiful  colours  ?  p.  411. 

35.  Horn  is  transparent,  why  are  not  horn  shavings  transparent 
also?   p.  416. 

30  AVhen  a  glazier  is  mending  a  window,  and  cleans  the  pane 
■vpith  his  brush,  why  do  the  loose  pieces  of  putty  (on  the  opposUe 
Bide  of  the  window-pane)  dance  up  and  down  ?  p.  293.  _ 

37.  When  you  rub  a  piece  of  paper  with.  Indian  rtt5Jer,.why  is  it 
gickyf  p.  29.  ^   ^  J 

38  If  you  dry  a  piece  of  common  Irmon  paper  by  the  fire,  ar^ 
Iraw  it  once  or  twice  between  your  two  knees,  wny  will  it  sUck  fast 
fcthewaU?   p.  29.. 

39.  Why  can  persons  be  heard  (in  a  calm  day)  at  a  greater  distane* 
on  the  sea,  than  on  land  ?  p.  430. 

40.  The  height  of  mountains  may  be  ascertained  by  a  barometer: 
Explain  the  reason  of  this  ?  p.  335. 

41.  How  does  starch  assist  in  giving  a  smooth  glazed  surface  to 
linen  ?  p.  421.  ,      .„  , 

42  If  a  drop  of  water  be  spUt  on  a  table  cloth,  why  will  it  spread 
In  all  directions  1  p.  76. 

43.  'VNTiy  does  soZ<preser»e  meat!  p.  438. 

44.  Why  does  melted  wax  become  hard  when  cold  f  p.  169. 

45.  Why  does  paint  often  blister  from  heat  ?  p.  375. 

46.  Why  are  rotting  leaves  hot  f  pp.  58,  283. 
47    Why  are  rotting  leaves  damp  ?  p.  283. 

48.  Why  does  bread  become  hard,  after  it  has  been  kept  ^  few 
days!  p.  169. 
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!      49.  "Why  are  plants  white  which  are  kept  in  the  dark!  p.  420. 

50.  Why  does  oil  hecome  thick  in  winter-time  f 

51.  Why  does  a  pop-jun  make  aloud  report -when  the  paper  bullet 
lit,  discharged  from  it?  p.  107. 

:  52.  "Why  does  steam  make  the  engine  of  a  locomotive  whistle  t 
ip.  116. 

53.  Why -will  ftrf^rW  iron  ioM  its  jJofiaA,  by  beiag  put  into  a  ^rfil 
fp.  258. 

Si.  Why  does  sound  seem  Zo!i(fer  in  carea  than  on  a  plain  I  p.  431. 
55.  Why  dees  paint  preserve  wood  ? 
1 .     56.  Why  does  mother  of  pearl  show  so  many  colours  ? 

57.  \Miy  can  you  fill  a  dry  glass  beyond  the  level  of  the  brim  I 
:pp.  436,  437. 

58.  If  you  leave  a  little  tea  in  your  cup,  and  put  your  spoon  in, 
■'■why  does  the  tea  rush  to  the  spoon  f  p.  436. 

59.  When  liquor  is  poured  from  a  bottle,  ■why  does  it  gurgle  t 
!  ,p.  287. 

i  60.  WTiy  ■will  lucifer  matches  ignite  by  merely ,  dra^wing  them 
r I aaross  any  rough  surface?        104,  298. 

61.  WTiy  wiU  they  not  ignite,  if  they  are  damp  f 

62.  "WTien  our  likeness  is  reflected  in  a  looking-glass,  the  entire 
Ibnage  is  reversed,  our  right  cheek  is  the  left  cheek  of  the  reflection ; 
lif  we  lift  our  right  arm,  the  reflection  moves  the  left  arm,  and  vice 
f versa :  Why  is  this  1  p.  388. 

63.  A^ilver  tea-spoon  becomes  more  heated  by  hot  tea  than  one 
wf  inferior  metal  (as  German  silver,  Nickeli,  &c.)  :  Why?  p.  172. 

64.  If  you  scrape  a  slip  of  paper  with  a  knife,  why  ■will  the  paper  cur  1 ! 

65.  Why  does  the  stopple  of  a  decanter  stick  fast,  if  it  be  put  m  damp  J 

66.  Why  does  the  stopple  of  a  smelling  bottle  often  stick  fast '/ 

67.  Decaying  vegetables  are  first  of  a  brownish  tint,  why  do  they 
•  afterwards  turn  of  a  deep  black  ? 

68.  Why  is  an  oak  struck  by  lightning  more  frequently  than  any 


69.  Why  does  a  lobster,  which  is  black  while  alive,  turn  red  by 
kbeing  boiled  ? 

70.  Why  docs  a  shrimp,  which  is  nearly  white  while  alive,  turn 
r red  by  being  boiled  1 

71.  "WTiy  is  the  shadow  of  the  moon  stronger  than  the  shadow  of 
She  suni 

72.  Why  does  hartshorn  take  out  the  red  spot  in  c'oth,  produced 
kby  sulphuric  or  any  other  acid  ? 

73.  Why  win  pmcdered  sulphur  quench  fire  more  rapidly  than 
iratert 

74.  How  does  starch  serve  to  stiffen  Unenl 
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75.  Why  should  lightning  conductors  he  pointed  * 

76.  Why  do  brtcks  turn  green,  after  they  have  heen  exposed  to 

77.  When  potatoes  are  boiled,  vhy  are  those  at  the  top  of  the 
boUer  cooked  sooner  than  those  nearer  to  the  tre  1  % 

78  If  a  silver  spoon,  ^hich  has  been  tarnished  by  an  egg,  68 
rubbed  with  a'Uttle  salt,  why  wiU  the  tarnish  disappearT 

79.  Why  are  books  discoloured  by  age  or  dampt 

80.  Why  does  sour  milk  cxirdlc  ? 

81.  Why  does  churning  milk  convert  it  into  butter  t 

82.  Why  does  the  sun  or  -fire  warp  wood  ? 

83   Why  does  the  ««n/n(ie  artificial  co/oMM? 

84.  When  a  knife  is  sharpened  on  a  grindstone,  •why  iB  <ni  ■at 
miater  used  I  ,     t      i  » 

85.  Why  does  bread  hecome  mouldy,  after  it  has  been  kept  a  few 

*^86.'  Why  does  meat  putrefy  sooner  in  hot,  damp  weather,  than  in 

*°87'  Birds,  after  they  are  killed,  keep  longer  in  their /ea<fter«  than 
■when  they  are  plucked:  Why  IS  this 3  ,     ^    ,  t 

88  Why  do  plants,  which  are  kept  in  a  window,  berxd  to  the  glassi 

89.  my  does  Indian  rubber  eiasG pencil  marks  from  paper! 

90.  Why  does  water  rot  wood  ?  •  j  «. 

91.  Why  does  water  make  a  hissing  noise  when  it  ifl  pourett  m 

*^92  Why  will  hot  iron  bend  more  easily  than  cold .» 

9s!  Why  does  iron  turn  first  red  and  then  white  from  heat  t 
9i.  Why  does  hot  water  freeze  move  quickly  fhan  cold  i 
95'  Why  does  water  freeze  more  quickly  than  milk  f 
96.  Why  are  ffZue,  ^Mm,  starc/i,  and  pa«<e  adhesive! 

97   Why  does  a  railway  train  make  move  "°''^''',^^"Lmd5 
over  a  bridge  or  meaam«,  than  when  it  runs  over  solid  ground) 
98.  Why  does  milk  boil  more  quickly  than  water! 
'  99.  Why  will  milk  burn  more  readily  than  water! 
lOo".  Why  is  it  impossible  to  write  on  greasy  paper  t 

101.  Why  does  rain  "  bring  down  the  cold  9  " 

102.  Why  does  txirpentine  take  out  grease  spots  from  clothT 
103   Why  does  OTo/ic  acid  take  out  iJife  spots! 

104.  Why  does  waxing  cotton  or  thread  make  it  stronger  1 

105.  Why  is  a  stick  rawXe  flexible  by  hniling  itt 

106.  Why  does  manure  make  land  fertile  t 
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Absorbers  of  heat   ..  192 
bad,  bright  metal  197 
conductors  192 

iron   19'3 

light  colors  ..  195 
Lisle  thread  196 
reflectois  ....  200 

stone    197 

white    194 

good,  black   192 

„    cloth  ..  192 
„    eyes  ..  199' 
„    kid....  196 
dark  colors  . .  195 
dull  metal   . .  196 

soot   193 

Accidental  COLORS..  424 
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Acetate  of  copper   ....  488 

Acetic  acid   488 

Acid  of  drinks    280 

of  fermentation  . .  278 
dissolves  ice    ....  373 
Activity  affected  by  cold  94 
by  heat  96 

Aerated  water  277 

Aeronauts  feel  pain    ..  102 
AoKD  people  far-sighted  408' 
cannot  walk  441 
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AiB   244 

aflPected  by  rotation 

of  earth    307 

always  in  motion . .  303 
ascends  when  hot  801 
bad  conductor  184,  243 
„  radiator  ....  226 
cause  of  its  weight  336 
city  unhealthy  248,  272 

cold  184,  :S30 

colder  than  blood..  188 
composed  of  2  gases  244 
condensed  by  cold  301 
cooled  by  convection228 
cooled  by  rain  ....  169 
cools  hot  iron  ....  253 
country  healthy  248,271 
deusity  dim.  by  rain  354 
descends  when  cold  301 

■  dries  linen    16ft 

dry,  dense    153 

dryer  before  noon  156 
summer  156 

elements  of  244 

expanded  by  heat  107 
full  of  smells  ....  157 

gets  Are  up   61 

healthful  271 

heated   226,  SO* 

Q  a3 
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AiB  (continued) 

heated  uot  bythe  sun302 
hot  in  sunshine  ..  253 

in  a  room   303 

inflnmmable    ....  294 
(see  hydrogen') 

invisible    855 

land,  coldest  ....  231 
„    at  night  ....  233 
needful  for  fire  . .  62 
non-conductor  ...  13 
preserved  normal  550 
purilied  by  lightning  28 
radiiiles  no  heat  . .  225 
rarefied  ascends  ..  301 
„     bad  conduc- 
tor of  sound  432 
^     by  a  crowd  267 
„     brings  rain  355 
„     noiseless  . .  153 

rnsts  iron   258 

Btill  before  a  tenipestl53 
2  currents  in  rooms  303 
uniform  at  night..  431 
use  of  oxygen  in,.  245 

varies    337 

„  in  temperature  352 
vitiated  by  a  crowd  268 
weight  of,  cause  . .  336 
Air-pump  freezes  water  376 
Aisles  famousforechoes433 
colder  than  galleries  333 
Alcohol,  elements  of,. .  279 
from  sugar  ....  280 
boiling  point  of  122 

Alb   112 

bottled   278 

flat  286 

froth  of    278 

„  increased  by  heat  112 
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Ale  stale...  ••  286 

Alkali   46 

Ammonia    284 

Anemometer   ........  331 

Anglers  hate  a  magpie  160 
Angle  of  incidence ....  387 
reflection  ....  387 
Anhydrous  sugar  ....  288 
Animal  fluids  conductors  14 
Animal  HEAT  ....85,289 

from  combustion  87 
life  "dependent.. ..  251 
Animals  forebode  rain  154 
Ants  love  honey  dew  • .  228 
Appetite  (see  hunger) 
Apples  full  of  air  ....  109 

roasted.  ......  108 

soft  109 
Afbil  showers   32o 

winds  317 

Aqua  fortis   488 

Argand  lamps    84 

Armour  safe  in  a  storm  21 
Arnott's  stoves  smoke  69 

smell  of  sulphur  57 
Ascent  in  balloons  pains  152 
Ashes  soften  water  ....  362 
Asses  bray  in  wet  weather  154 
Atmosphere  {see  air)  ..  318 
August  winds  ....317,318 

AUBOBA  B0REALI8  .  .  ..  148 

cause  of  ......  149 

•coloured   '48 

sounds  of . . .. . .  149 

white    148 

Autumn  tints   420 

Avenues   3^8 

Averno,  lake  of   270 

Azote  (see  nitrogen) 
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Bftles  spontaneously  ignite  68 
Balloons  cause  paiu. .  152 

inflated    112 

rise   112 

Balls  of  fire   6 

Bulusiers  wet   223- 

Banisters  {see  balusters) 

Barley  malted   281 

Barometer   334 

afiected  by  cold  . .  Si^ 
frost ....  337 

heat  345 

widden  changes  847 
thunder  341 
thaw....  331 
wind....  339 
differs  from  ther- 
mometer....  334 
inventor  of  ....  346 

fall  of   348 

fluctuating  ....  347 
high  in  April  . .  846 
August..  846 
dry  air..  339 
finewthr,  341 
June....  346 
May  ....  346 
N.  E.  wind  337 
September  346 
snow  . .  342 
low  in  January  346 
December  346 
February  34-6 
July  ....  346 
moist  air  340 
November  346 
October  346 
rain  ....  340 


Babometbb  (eonltnued) 


338 
338 
346 
338 
340 


low  in  S.  wind. , 

thaw  

torrid  zone 
W.  wind  . . 
warm  air  .  > 

rise  of   348 

rises  in  fine  wthr.  342 
rules  for  ......  348 

signs  ol  falling  343 
rising  343 
sinks  in  foul  wthr.  342 
sudden  change  of  347 

unsettled  348 

u-se  of   335 

a  weather  glass  386 
to  msur.  heights  335 
to  sailors   337 


346 
345 
346 
346 
216 


varies  most . . 

least .... 
when  highest 
lowest  . . 
Barren  land  dewless 
Bass  notes  in  music  418,429 

cause  of  418 

vibrations  to  . .  429 
resemble  scarlet  419 
Bass  preserves  flowers  213 
Bathing,  danger  of  ..  405 
prom,  health  69 
with  ether  for 
inflammation  163 
Beakers  broken  by  heat  128 
Beabb   cold  in  winter  07 
live  without  food  98 
arctic,  most  hair  183 
Beasts  covered  with  hair  182 
Beating  iron  makes  it  hot  99 
Beds  damp  i^* 
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Bbkr,  bottled  frothy  . .  278 
fermentation  of  279 

flat   ,..  ..  280 

frothed  by  heat  112 

stale    286 

sour   280 

soured  by  lightning27 
„    not  old  beer  27 
spoiled,  if  the  vent- 
peg  be  left  out  286 
yeast  ferments. .  282 
Beer-vats  dangerous  ..  274 
Bells  heard  at  a  distnnce^SO 
not  in  a  fog  429 
cracked  sound  harsh  427 
ringing  dangerous  17 
silenced  by  a  touch  427 

metal  of   427 

Bellows    52 

{See  Clark's  Blower.) 
Bible  explained  181,  218,  350 
^i-carbonate  of  lime  ..  291 
Bins  purified  by  lime  29) 

Birds  feathered   183 

hot  blooded   97 

small,  most  down  183 

Black   419 

cloth  warm   194 

colour  warm    ....  195 

cause  of    419 

eyes   199 

glass  for  spectacles  425 
hat  red  at  sea-side  361 
hole  of  Calcutta  . .  268 

insonorous    419 

kid  gloves    196 

LEAD    205 

II   f  rerents  rust  260 


Black  mist   150 

skin   197 

„  will  not  blister  198 

tea-pot   205 

used  by  cotters  201 
set  on  a  hob  .  205 

warm    195 

Blacks   61 

none  to   steamers  6) 
Blacksmiths  strike  fire 

by  nails    lOU 

Bladders  inflated..  107,301 

Blaze,  blue    47 

between  the  bars  4H 
burns  up  coals. .  4D 

yellow   47 

Blood   247,  266 

purple   248 

red  247,  249 

starts  from  wounds  86 

Blowers    70 

Blowing  cools  food  186,  329 

tinder  , .  101 

Blub   442 

cause  of  ..  418,  424 
resembles  treble  418 

sky    146 

spectacles    ....  423 
sublimate    . . .  ■  488 
Broad  cloth  warmest  . .  183 
Body  dead,  smells ....  297 

fuel  of   89 

warm  ..  87,  89,  289 
Boiler  (see  saucepan.) 

Boilivg  ...    238 

WATER  bubbles  ..  117 

furrof  264 

heat  fixed..  241 
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BoiLiwo  (continued)  p*"" 
■WATER  makes  it  flat  288 
is  in  a  ferment  239 
kept  hot  ....  209 

rattles   119 

runs  over. . . .  118 

swells   11 '7 

one  pot  in  another  120 
retarded  by  salt  . .  121 
spoon  120 
sugar  121 
without  touching 

the  boiler   121 

point   122 

Bones  white   420 

Boots  hot  when  dusty  201 
Borers  hot  from  use  ..  105 

Bottled  ale.  &c  271 

Brackish  water  unfit  for 
railway  engines  ....  265 

Bracing  weather   153 

Bradawls  hot  from  use  lO"! 
Bread  brnt.  purifies  water  73 

heavy   289 

made  with  yeast  288 

Breakers  329 

Bbeath  exhaled  24-9 

inhaled   247 

visible  in  winter  224 
Breathing  described  . .  250 
difDcuIt  on  mounts.  256 
previous  to  a  storm  256 
Breeze  at  sea-side ....  327 

evening   326 

„    unhealthy  327 

land  cool   328 

morning  32H 

„    healthy  ..  327 
of  islands   326 


PAoa 

Bbeeze  sea  cool    ....  327 

speed  of   331 

(see  wind) 

Brewing   282 

Bricks  for  cold  feet ....  179 

Brick  stoves    181 

Bricklayers,  frost  retards  375 
cover  with  straw  375 
Bright  day  exhilarating  151 
metal  bad  radiator  209 

Brilliancy.  381 

Bbine  retards  boiling. .  121 

tested   377 

Britain  cloudy   132 

grows  warmer  16f> 
Broth  cooled  by  breath  254 
„    convection  254 
„    stirring  . .  254 

Btjbbies  in  tea  436 

of  boiUng  water  117 

Burns  cured    163 

Burnt  bread  purifies  water  7  3 
stick  twisted   ....  423 
Burning  glasses  2.  3 

Calcining   298 

Calcutta,  black  hole  of  268 

Calcareous   251 

Calico  oiled  transparent  416 

Calms    314 

Caloric  I 

Cambric  hndkrchfs.  cool  191 
Cambridge,  rain  of . . . .  358 

Candles   75 

burn   75 

composite  not  snuffed  83 

corpse   298 

cotton  hard  to  blow  out  80 
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Caudles  (continued)  page 

burn  blue   15 

easily  blown  out  62,  79 
„    rekindled  ..  53 
extinguished  ....  81 
„         by  breath  79 
paper  81 
»LAME  described..  77 

„    hot   76 

„  hollow  ....  77 
„  luminous  ..  78 
„  makes  gla.  wet  79 
„  pointed  ....  79 
t,  produces  light  77 
tt  purple  below  79 
„    tends  upwards  79 

„   yellow    47 

„  GAS  of  ..  87,294 
held  at  a  door  ....  SO* 
hottest  above  the  flm.  80 

give  light   77 

make  glass  damp. .  79 
need  snuffing  ....  83 
Palmer's  not  snuflPed  82 
prevent  seeing  a  rd.  396 
reflected  in  a  wandow396 
rekindled  quickly. .  53 
rush,  easily  go  out  80 
shatloweastby. . .-.  397 

smoke  of   83 

spirt   161 

sudden  light  painful  382 
used  by  miners   . .  267 
wax,  not  snuffed  . .  83 
Cannon  balls  hot  ....  106 

boring   104 

Canvass  flower  awning  213 

Capillary   76 

attraction   76' 


Capili.a'bt  {continued)  *a8» 
attraction  of  earth  . .  437 
„  sponge  76 

„  thread  191 

„  wicks  191 

combustion   86 

vessels   85 

„    pervade  body. .  66 

Captain  Ross  430 

Capuchin    357 

Carbon    35,  36,  76 

in  the  blood. . . .  268 
Carbonate  of  ammonia  480 
lime   ..  480 
Carbonic  acid  gas  .".  206 
absorbed  by  leaves  25 1 

cho'kes  293 

cause  of  heat ..  290 

•Jeleterious   266 

detected  267 

dissipated  by  red  ht.  276 
„  water  275 

in  human  bodies..  87 
of  the  soil   ......  251 

water    291 

pources  of    275 

Cabbetd.  hydro,  gas  293 
how  procured  293 
Carpenters'  tools  hot  . .  104 

Carpets  warm   176 

Carriage,  in  a  storm  20 
wheels  catch  fire  103 
windows  misty. .  220  , 

Casks  charred   73 

Cart  grease   103 

Cathedral  aisles  famous 

for  echoes   433 

Cats  in  wet  weather   ..  158 
prowl  by  night    . .  384 
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Cats  (conlinued) 

see  iu  the  dark. . . . 
wink  before  a  fire 
Cattle  low  in  wet  wea- 
ther   

struck  by  lightning 

Caustic  lime  

lunar 


PAOB 

384 
384 

154 
19 
439 

488 


Cavernsfamedforechoes  433 
Ceilings  sooty 


71 


Cellars  cold  in  summer  258 
warm  in  winter  257 

Chalk  

Champagne  acid  278 

Charcoal    72 

bad  conductor  172 
iiBE  very  hot  72 
„  deleterious  274 
purifies  water  73 
removes  taint    72  Choke  damp 

Chabbing  bread   73 

casks  ....  73 
wood    ....  74 
Chemical  ACTION  ... .  82 
developesheat. .  2 
Chesndts  roasted  crack  107 
not  if  sht  ]  08 
Children  hot-blooded  . . 
CaiMNEYdraught,  cause 

of  

factory, long. . . . 
flues  of  long..  63,64 
„  short  64 

raised  above  a 

house  63,64 

70 
62 
62  i 


Chiunkt  (continued)  paob 
draught  slack  64,73 
door  misplaced  68 
remedy    . .  68 
flue  too  long  61,1 13 

„  short   6* 

„  remedy  ..  65 
need  repairing  68 

„  sweeping 
of  old  homstds. 
two  fixes  . 
remedy. 

▼alleys   67 

vestries   66 

remedy....  67 
wind  ....  70,114 
China  broken  by  water    1 28 

Chloride  of  lime  

Chlorophyll   420 


68 
69 
65 
66 


273 


97 

64 
64 


P0T9  

qUOKY   

in  c'ose  rooms 


remedy . 


(Hi 


Ohurch  bells  heard  153,429 
congregation  drowsy  270 

yards  smell   297 

Cbyle  247 

Chyme  2*7 

Cider  acid    

Cinders,  iron  

lighter  than  coals 

goon  heated .... 
will  not  blaze  . . 
CiRBO-cuMULUs  clouds 

forebode  drought  140 
how  produced  . .  140 
Cibbo-stbatus  clouds  141 
forebode  change  140 
how  produced . .  1 40 

CiRBUS  clouds   '3" 

foretell  fine  weather  138 
Ikow  iiroduced   189 


278 
44 
44 
44 
49 

]40 


454 


INDEX, 


PAGE 

Citizens  pale   248 

Citric  acid    488 

City  air  iinbealiby  , . . .  272 
Clark's  patent  blower. .  52 
Clay  for  furnace  doors  181 

Clean  kettles    193 

Cleanliness  connected 
with  the  dietary  ....  96 

„    poverty   96 

Clear  day  overcast  ..  321 
fire  burns  slowly. .  40 
nights  exhilarating  151 

Climate  varies   SO't 

from  forests. . .,  167 

„  land  305 

„  mountains  305 
„  sea  ......  305 

„  soil   305 

„  trees   167 

Cloclcs  heard  distant  ..  430 
not  in  a  mist  431 
Close  rooms  unhealthy  268 
Cloth  collects  no  dew..  215 
Clothes  black,  warm  194 
coarse  not  ditto  . .  190 
damp  in  summer  217 
fine  cloth  warm  . .  190 
loose,  warmest. .. .  183 

silk   191 

warm    182 

want  of,  causes  dirt  97 
wet  dangerous    ..  164 

^hite,  cold    194 

„  from  sea  spray  170 
„  not  on  wet  days  170 

workmen's    170 

Cloudiest  countries. .. .  132 
Clouds    130 


Clouds  (continued)  »ao* 
absorbed  by  wind  134 
affect  the  wind.. ..  310 

cause  of   131 

cirro  cumulus  ....  140 
cirro  stratus..  ..»-  141 

cirrus   137 

classes  of   137 

colwir  of  134,  135 

compound    140 

cumulo  stratus  ..  141 

cumulus    138 

diflPer  from  fog,  130,  234 
dissipated,. ..  134,  143 
distance  from  earth  132 
edgesmostluminous4I7 

electrical   133 

electricity  moves . .  1 37 
fall  in  rainy  weather  354 

fantastic    133 

float   130 

gather  round  hills  142 

height  of  5,  132 

highest   132 

highest  in  a  fine  day  132 
ittcreased  by  wind  134 
intermediate   ....  139 

light   123 

lowest   132 

morning  red    ....  135 

motion  of.   130 

nimbus   141 

foretell  weather  138,  141 
rain  indicated  by  .  141 
polar  currents  affect  313 

red    135 

round  mountain  topsl42 

simple   137 

size  of   132 
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Clouds  {continued) 

stratus  

sua-set  

thickness  of  

.,  how  ascertained  133 

thunder    * 

vary  in  shape  133,313 
,,    in  colour  136,  313 
where  most  abndnt.  132 
least       „  132 

use  of  

Telocity  of   331 

white    419 

wind  affects     131,  134 

yellow  143,  1*4 

„     indicate  wet  144 

Cloudy  night  warm   211 

no  dew  ..  211 
oppressive  150 

Coal  black   419 

blazing.   *0 

for  fuel   14: 

OAS   75,  294 

grotesque  figures  of  42 
mines  explode. . . .  294 

smoke   41 

wetted  when  dusty  55 

Coke   ••••  67 

for  fuel   44 

spontaneously  ignites58 
Cold  affects  barometer  336 
condenses  air  ..  ..  301 

colours. .  • . ,   195 

makes  us  love  fat  92 
„       activity  94 

mountains   202 

out  of  doors   330 

promotes  hunger. .  93 
„    sound   430 


PAOI 

Cold  water  contains  heat  33 

Colder  some  things  than 

others    171 

Colds  from  wet  clothes  164 

Collapsing   109,  302 

Coloubs   410 

accidental  ..  424 
akin  to  sound  418 

black   419 

blue   418 

dark,  warm  . .  19& 

green    420 

light,  cold  ..  195 
of  clouds  134,  135 
electricity....  30 

red    418 

vary   417 

white    419 

yellow  419 

Combining  not  mixing  26 
CoMBUSTioH  {seefiri;)  35 

animal   87 

cause  of   38 

chemistry  of  .  .35,  39 
from  fermentation  58 
elements  of  ... .  38 

heat  of   35 

increased  by  wind  52 
in  the  veins. ...  88 
produces  light..  48 
spontaneous    . .  57 

CoMMTINfCATIONof  HEAT171 

Composite  candles  not 

snuffed    83 

Compound  clouds  ... .  140 

COMPKESSION   105 

not  condensation  105 
Condensation    105 
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CondenBert  aia...  801 

CoNDDCTrON    171 

not  absorption  192 
CoNDDCTGRs,  best .. ..  172 

worst   172 

animal  fluids  14 
Bot  absorbers  192 
of  lightning. .  22 
„  dangfirous  24 

Convection   226,238 

Convective  currents  252,  802 
cool,  broth  254 
„   iron  253 
Coolcing  vessels  with 

wooden  handles  ....  173 
Cooper  applies  hot  hoopsl25 


Copper  lor  condctrs.  23, 172 

sonorous   426 

tarnishes   261 

-HOLE  draws   ..  61 
roars  ....  62 
„    not  with  open 

door   62 

Cork  driven  out  by  heat  112 

Cornea   406 

Corns  ache  before  raic  257 

Corpse  candles   298 

cold   98 

smell    297 

Corrosive  snblimates  . .  488 
Cotton  bales  caich  fire 

sponiaueously  58 

candles    80 

handkerchiefs  hot  191 
oiled  trnusj)arent. .  421 

shirts  warm   J90 

wool  bad  con  luctor  191 
Count  Bumford   191 


PAO> 

CoTJNTBiEs  most  cloudy  132 
least  cloudy  132 
Country  air  healthy  2  l8,  270 
Countrymen  enjoy  hlth.271 

ruddy    241 

Cowls    67 

Crowds  bad  in  storms  18 
cause  drowsiness  270 
„     head-ache  267 
vitiate  air    ....  257 
unhealthy    ....  268 
Crucibles  of  platinum  263 
Cdlinart  vessels  ....  208 
have  wooden  handles  173 
should  be  sooty  ....  208 
Cultivation  promotes  dew  216 


„     warmth  167 
CuMULO-stratus  clouds  141 
forebode  change  141 

Cumulus  clouds   138 

forebode  fine  weather  138 
„    rain    ........  138 

how  produced  ,.  139 

Cup  in  a  pie    123 

use  of   124 

why  full  of  ^aiee  121 
Currents  of  air   302 

Damp  balustera   223 

beds   164 

clothes   218 

house   223 

Dancing  of  objects  after 

rain   156 

DandeHon  bodes  rain  157 

Danger  in  a  storm   ..  12 

from  barring  shutters  18 

bells,....- r...  IT 
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Danoeb  (continued)  paob 
carriages  ....  20 

crowds   19 

fiie-place  ....  19 

from  flocks   19 

herds    19 

rings    23 

rivers    14 

steeples  ....  14 
theatres    ....  15 

trees   13 

walls    17 

watches    ....  22 
Dark  colours  warm  , .  195 
radiate  heat  204 
Darkness  from  2  lights  421 

Davy  Sir  H  295 

Daylight  breedshunger  91 
mitigates  cold  91 

Dazzling  417 

Dead  bodies  cold  ....  98 
smell ....  297 
taller,  &c.  440 

Deafness   4.32 

Deal  snaps  in  a  fire    ..  110 

Decanting  liquor   287 

spirits  287 

December  winds   317 

Jecomposition   284 

Oeep  water  freezes  slowly  372 
Depression  of  spirits  . .  150 
Descent  in  a  diving  bell  152 
Deserts  hot  and  dazzling  417 
JetonatiBg  powder ....  106 

3£w  210 

cause  of   233 

deli  terious   227 

differs  from  mist . .  228  j 
rain  ..  233 


Dew  (continued) 
distilled  after — 
fine  nights 
heat  


PAOB 

211 

225 

west  winds .  225 
218 


on  clothes 


cultivated  land  217 


grass  . 
hairs  . 
hat  ... 

hollows 


216 
224 
224 
214 


leaves   215 

open  fields  ..  212 

valleys   214 

not  in  cloudy  nights  211 


east  winds 

224 

>l 

winds .... 

214 

ft 

on  barren  lands  217 

n 

cloth  .... 

215 

n 

deserts  .. 

216 

M 

gravel .... 

216 

1* 

metal  .... 

216 

n 

rocks  .... 

21.*) 

w 

stones. . . . 

215 

» 

wool  .... 

216 

under  awnings. . 

213 

hedges  .. 

212 

» 

trees  .... 

212 

walls  .... 

212 

Dew-dbop  round  ....  229 

flattened  229 

roll  on  cabbages  230 

roses    230 

Digestion   94 

Diminishing  glasses  . .  399 
Dinner  covers  bright  . .  209 

Dirt  warm    96 

Distant  bells  heard  . .  428 

clocks   430 

u  a 
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Distant  (continued)  page 
objects  small  399,  400 
,,     inTisible  401 

sight    407,  409 

,,  spectacles  for  408 

Distance  lessens   399 

makes  invisible...  403 

Distilled  vinegar    488 

Divers  suffer  pain   152 

Diving  bells  cause  pain  152 
Dormice  cold  in  winter  97 
live  without  food  98 
DooBS,  draught  of  ...  382 
shrink  from  dry  167 
swell  from  wet  ...  157 
Dogs  in  wet  weather  156 

Dough  fermented   288 

set  by  a  fire  to  rise  288 
Double  concave  glasses  407 
convex  glasses  ...  408 

Down  warm   183 

bad  conductor  ...  191 
Drained  lands  warm  167 
Draught  at  a  door  ...  332 
blows  a  flame 
outwards   ...  303 

inwards    304 

of  a  chimney  60,  64 

key-hole   331 

window    332 

slack   60,  64 

Dreams    441 

Drinking  water   291 

Dropsof  dew  rollonleaves230 

round   229 

shape  varies  229 
of  rain  roU  on  dust  230 

round   253 

me  varies  ...  854 
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Drowned  men  restored  103 
Drowsiness  at  church  270 

Drums    428 

Dry  wood  for  kindling  45 
burns  best  111 

,,       snaps  about  111 

Driest  months    346 

Dublin,  rain  of   358 

Duck  dry  in  water  ...  230 

noisy  before  rain  155 
Dull  surfacesradiate  heat204 

Dullness  381,  417 

Dunghills  hot    290 

Dusty  shoes  hot    201 

coals  wetted  ...  55 

Ear  trumpets   432 

Earth,  bad  conductor  188 
cool  after  sun-set  210 
,,  in  a  fine  night  210 
,,  in  summer  ...  188 
covered  with  dew  21 0 
cracks  by  frost  374 
crumbles  in  spring  374 
hardened  by  sun  169 
warm  in  winter...  188 
warmer  by  day  ...  210 

fog    228 

Earthen  tea-pots    205 

set  on  a  hob  to  draw  205 

East  wind  cold    319 

dry   320 

prevents  dew  224 
Eat  more  in  cold  weather  93 

less  in  warm   93 

too  much  makes  fat  90 
„           „  us  ill  90 
Echoes   433 
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EcHOSs  two  or  more  ...  435 
remarkable  ...  435 
Effects  of  heat  ...  2,  107 

Effebvescence   277 

soon  subsides  288 
Effervescing  draughts..  277 
Egg,  component  parts  of  285 
discolours  silver...  284 

remedy   284 

smells  offensively  .  285 

tests  brine    377 

Egypt  not  cloudy   133 

Eider  down  warm    191 

Electbicitt — 

affects  clouds    133 

ce.nse  of  thunder...  3 

colour  of   30 

developes  heat   3 

excited  by  friction  .  29 
felt  at  the  elbows  .  30 

hot    29 

moves  clouds    136 

odour  of    30 

of  clouds  4,  136 

positive  and  negative  16 
resinous  &  vitreous  4, 16 

speed  of   11 

Electric  telegraph  ....  31 
Elements  of  air  ....  35 
alcohol  .  279 

fuel   35 

sugar  ..  279 

Emetic  tartar  488 

Ekgland — 

grows  warmer   167 

WINDS  of   817 

east  cold  ....  319 
„    dry  ....  320 


ft 
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Enolakd  (continued) 
■„    morning  at  wa- 
tering places  376 
■WIND  most  prevalent  317 

„    north  cold   320 

„  „  dry  ....  320 
„  north-east  dry  .  322 
„  south  rainy  ..321 
„  „  warm  . .  320 
„  south-west  rainy  322 
„  west  rainy  ....  321 
„  when  highest. .  317 
„       „    lowest  ..  318 

rain  of    358 

{See  March  winds.) 

Epsom  salts    488 

Esquimaux  love  blubber  94 
Equatorial  current  ... .  312 

rains  859 

Etheb   48 

boiling  point  of  ....  122 
used  for  freezing. . . .  376 
„       inflammation  163 
„       scalds,  burns  163 

vaporized   163 

European  skin  white  ..  198 

EVAPOBATION   162 

freezes ,.  376 
of  sea  ..  309 

EvSNiNO  breeze  326 

CLOUDS  ..  135,  143 
„  grey  ..  146 
„  red  135,  '43 
„    yellow  .  143 

RAINBOW....  147 

Evergreens  frost-bitten  236 
Ewers  broken  by  frost  .  366 
Expansion  ty  heat  1 07, 124 
ExPLOSioK  of  chestnuts  107 
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PAQE 

Explosion  of  gunpowder  108 
mines  ..  294 

Extinguishers   81 

made  of  paper  81 
Sjtbs  aflfected  by  glasses  423 
fire  light  423 
„       Budden  .  382 
„       sun. . . .  423 
oontracted  by  light  395 


black    199 

conform  to  light  . .  883 

cornea  of   406 

negro's  dark    ....  199 

retina  of   406  ' 

two,  use  of   385  ) 

see  single   886  | 


good  for  health   ....  90 

produces  appetite   ..  90 

„       warmth    ..  90 

want  of  produces  fat ,  90 

„         sickness  90 

Face  soon  scorched    . .  203 

Factory  chimneys   ....  64 

Fanning    185 

Fab  sight   408 

cause  of  ....  408 

„       spectacles  for  408 

Farm  houses  smoke   ..  C9 

Fat  from  gross  eating  .  90 

laziness  ....  90 

men  swim  best    . .  372 

pleasant  in  winter  .  92 

not  in  summer. .  95  I 

white    , . . ,   419  I 

Feathers  warm   183  . 

Feeling    4.4.I : 


rAOB 


Feet  oold  before  a  fire  54 

wet  dangerous  . .  164 

Fermentation   279 

a  combustion  . .  58 

not  putrefaction  .  283 

of  beer   279 

dough   288 

»  sugar   279 

„  wine    279 


requires  water  ....  285 
Fender  &  fire-irons  cold  193 
Fiddle  strings  musical  .  428 
snap  from  wet  356 

;  Files  hot  from  use   104 

Fine  weather  braces  ..  153 
I  indications  of  145 

Fingers  cold  when  wet .  163 


Fire    35 

air  needful  for. ...  62 
bellows,  use  of. . . .  62 
black  and  red  ....  40 

blazes    40 

„      not  in  frost  49 

blowers    70 

bums  blue    47 

bursts  thro'  the  bars  46 

cause  of    38 

charcoal    73 

„       dangerous  273 

clear  40,  50 

damp    293 

differs  from  animal 

heat   88 

dull,  cau^e  of  ... .  64 


effect  on  eyes   384,  423 
extinguished   ....  55 
„      by  water  55,  111 
fiercest  in  winter. .  50 
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FiRB  (coniinued)  paox 
fiercest  out  of  doors  51 

fame  of    46 

gfts  generated  by.,.  87 
grotesque  figures  in  42 

heat  of   289 

I,  hew  increased  50,  64 

hot    39 

intensity,  cause  of.  64 
kindled  at  the  bottom  44 
lighted  with  paper  42 
„         „    vpood  42 

light  dazzles   883 

light  variable  ....  49 

luminous   47 

melts  metal   129 

mottled    41 

out  of  doors  ....  41 
poker  draws  up  . .  63 
radiates  heat  ....  203 

red  hot   39 

reflected  on  glass . .  396 
two  or  three  times  396 

spotted   41 

sun  dulls  it   50 

thaw  dulls  it   52 

wind  intenses  it  ..  62 

yellow   47 

(See  chimneys,  combustion.) 
FiRE-irons  cold  ..  179,193 

hot    193 

rust   259 

„    most  in  winter. ,  259 

„    prevented  259 

Fishes  ascend    379 

„     cold  blooded  . .  98 

„     dive    880 

„  seem  nearer  ..  405 
Fixed  ur   266 


PAO» 

I  Flame  of  a  candle  ....  "^^ 

described  

blown  out  easily  '^^ 

dump   

hollow  

hot    76 

hottest  above  . . 

luminous  

pointed   79 

purple   79 

smokes   83 

yellow   47 

Flannel  warm   181 

on  foot-warmers  179 
Flash  (see  lightning.) 

Flat  beer,  «Sto  286 

irons    162 

sounds  429 

Flavour  discerned  ....  441 
Flax  bums  spontaneously  58 
Flint  and  steel  strike  fire  100 

Flocks  in  storms   19 

Flowing  water  pure  .  364 
freezes  slowly  ...  370 
makes  rough  ice  371 

oscillates   365 

Flowebs,  awnings  for  .  213 

purify  air   272 

smell  at  night  158 
„  before  rain  158 
forebode  rain .  157 

Flues   C3 

1        blacked    204 

j        long  good  for  draught  64 
I        short,  bad       „  64 
(See  chimney.) 

Flutes    428 

Fly  poison    439 

B  A  3 
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Foam,  white  419 

Fogs    232 

arrest  sound    •  •  •  •  4:29 

cause  of   131 

differ  from  cloud  130,  234 
mist..  233 
dispersed  by  wind  235 
by  sun..  233 

frozen   237 

in  autumn    234 

increase  distance. .  155 

in  marsbes   232 

in  valleys    235 

magnify    155 

none  in  a  frosty  night  234 
KooD  converted  to  blood  247 
cooled  by  the  breath  329 
want  of  causes  dirt  96 

hunger   92 

ill  ventilation  97 
laziness  ....  92 
Foot-prints  frozen  ....  367 

Foot  warmers   179 

covered  with  flannel  180 
highly  polished  ....  180 

Forked  lightning   5 

Forks,  tarnish  of   263 

remedy  260 
Forests  catch  fire ....  104 

cold   167 

Foster  Lieutenant  ....  430 
France  grows  warmer..  168 
Freezing  MixTuuES..  377 
Yriction  {see  rubbing)  102 
excites  electricity. .  29 
sets  forests  on  fire  104 
Fbogs  cold  blooded   . .  98 
croak  before  rain  154 


PAOI 

Frost  affects  barometer  338 
„    sound. . . .  499 

braces   153 

breaks  ewers    306 

„    tiles,  stones,  rocks  367 

„    pipes  368 

cracks  earth    37^ 

„       mortar   ....  374 

expands  water   369 

on  windows   221 

prevents  fog   234 

stops  work    375 

warmer  than  thaw  . .  373 
Fboth  of  beer. .  . .  112,278 
„    fermentation  . .  286 

white   419 

Frozen  wafer  warm    ..  371 
ruts  and  foot-prints  367 
Fruits  cool  the  blood  95 
fall  to  the  earth  . .  436 
pleasant  in  summer  95 
Fuel,  dry  burns  well  . .  45 

elements  of   35 

for  the  body  ....  89 
wet  burns  badly  . .  45 

Fulgurites    30 

Fumigation  for  rooms  438 
Funnel  (see  flues)  ....  63 
FuB,  bad  conductor  ..  172 

for  clothing  182 

warm    18"^ 

Furnaces,  brick  for  ,  181 

fires  fierce    61 

„    roar   62 

not  with  door  open  68 
lined  with  clay . . . .  181 

FuBR  of  kettles  264 

Bteam  engines....  266 
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Fnrrof  kettles  dangerous  265 
removed  265 

Gallery  hot   333 

V^BUENTs  warm  ....  193 
cold   195 

Cas  azote    3H 

carbonic  acid  ....  266 
curburetted  byd.  . .  293 

coal   294 

differs  from  liquid  245 

elastic   245 

expands  from  heat  113 

hydrogen   36 

inflammable    ....  75 

Invisible   255 

jet  of    81 

nitrogen   38 

of  caudles    294 

fire    39 

oxygen   37 

phosphuretted  hyd.  297 
sulphuretted  hyd.  284 
permanent    114 

Sauze  wire  lamps  ....  295 
prevents  explosion  295 

3eese  noisy  before  rain  155 


Serman  silver  tarnishes  262 


tinder   105 

Germany  grows  warmer  168 

Germination    324 

Ghosts   300 

Gideon's  mirhcle   218 

Gimlets  hot  from  use. .  104 

OtxiEB  pop    277 

acid   278 


Glasses  broken  by  heat  127 
on  a  hob  128 
eoveied  with  mist  . .  ii22 


Glasses  (continued)  p^ob 
covered  with  mist  if 
from  a  cellar  ....  222 
diminishing    ....  399 
dulled  by  a  hot  hand  221 
„        breath,  &c.  222 

magnifying   399 

mist  of  subsides. .. .  222 
{See  spectacles.) 

reflect    396 

ground  opaque    ....  42 1 

musical    428 

Glauber  salts   488 


Gloves,  black  kid  warm  196 
„      Lisle  thread  cool  196 

Glow  worms  glisten    ..  385 

Gluten    282 

ferments   283 

God's  wisdom  shown  in — 
air  a  bad  radiator. . . .  184 
„  the  circulation  of  317 

animal  life    351 

beasts,  fur  of   183 

birds,  down  of   ....  183 

dew   217 

earth  cracked  by  frost  374 
„  hardened  by  sun  169 
ice  lighter  than  water  fl69 
metals  bad  radiators  217 
November  rains....  32t5 
the  froth  of  saliva..  442 

vegetable  life   357 

„    radiation  ..  215 
wood  a  bad  radiator  217 

Gold  best  of  conductors  172 
never  tarnishes   . .  202 

Goodness  (See  Cud's) 

Grab  HawooJy    268 

Geape  sugar    278 
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Grape  (continued)  paob 
juice  needs  no  yeast  284 
,,    ferments    ....  278 
„    mks.  alcohol  ..  279 
,,      ,,    earbc.  acid  279 
Grapes  never  ferment. .  285 

Griipliite   205 

Grass  promotes  cold..  168 
„         dew . .  216 
Grate  (see  stoves) 
Gravel  collects  no  dew  216 
hoar  frost  197 

Gravity  436 

Gray  morning  good  sign  145 
evening,  sign  of  wet  146 
Grease  liked  in  cold. .  92 
loathed  in  heat  95 
prevents  rust  . .  159 
used  for  wheels  102 

Green  colour  420 

accidental    ..  423 
wood  does  not  burn  111 
„  snap  110 

Gross  eating  unhealthy  DO 

Grottoes  echo   433 

Grotto  del  Cane  ....  270 
Ground  covrd.  with  dew  210 

frost   234 

Growth  by  moonlight. .  226 
Guinea  fowls  squall  ..  155 
Gulls  fly  to  land  ....  160 

„       to  sea   161 

Gunpowder  explodes  . .  108 
Gusty  weather  makes  a 

smoky  house  ....  70 

Hail    352 

cause  of   353 

falls  in  summer  ....  352 


Mas 

Hail,  thunder  accompts.  352 
Haik  bad  conductor  . .  172 
covered  with  dew  224 

warm   182,  183 

Halls  famous  for  echoes  433 
Halo  round  the  moon. .  150 

Handles,  wooden  173 

metal    173 

Handkerchiefs    191 

Hard  work  gives  hunger  90 

boiled  eggs  285 

water  bad  forwashg.  360 

cause  of   360 

pleasant  to  drink. .  291 

Hartshorn    2  ■'d 

Hat  covered  with  dew  224 
turned  red  by  the  sea  364 
Hawks  see  near  and  far  410 

Hat  heats    59 

heating  prevented  59 
stacks  ignite   ....  59 
Haze  round  the  sun  .. .  149 

„       moon   150 

affects  sound  ....  430 
Head  aches  in  a  crowd  268 
HEABTU-rug  warm ....  176 
stone  cold   . .  175 
„    hot....  177 


Heat    1 

absorbed   32 

and  light   4-8 

affects  barometer. .  339 
„    sound    ....  429 

„    wind   307 

animal  . .  85,  249,  289 

applied  low  239 

arrests  sound  ....  4'  0 
caojie  of  290 
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Hbat  (continued!)  taq-k 
ouinmunication  of  171 
conduction  of  ... .  171 

effects  of  2,  106 

evolved    32 

,,  by  compression  105 

expands  air   107 

expands  water....  376 
from  beaten  iron . .  98 
exercise  ....  98 
increased  by  heaps  58 

lATENT    33,  39 

of  candles    76 

dunghills   290 

fire    289 

ice    33 

human  body  87,  289 

lime   291 

radiated   202 

rarefies  air   300 

reflection  of   199 

eensation  of    ....  1 
sources  of. . ..  2  to  106 
work  promotes    . .  90 
Heating  by  Arnott's  stove  204 
steam  20^ 

Heavy  bread    289 

Hemp,  fires  spontaneouslySS 

Herds  in  a  storm   19 

Hedges  increase  warmth  107 
retain  frost  ....  237 
Hills  affect  winds.. ..  308 
larger  in  a  fog    ..  155 
seem  more  distant  155 
Hindostan,  jungles  of  270 

■  HoAB  rBosT   235 

near  edges    237 

not  found  on  trees  . .  237 
M    under  shrubs,  &c.  237 


HoAH  »ROST  (continued)  paob 
of  frozen  fog  ....  237 
on  clear  nights  only  235 

„  glass   236 

„  tombstones....  197 

very  partial   236 

HONET-DEW    227 

ants  fond  of. . . .  228 

effect  of    228 

injures  plants  . .  227 
Hoops  put  on  red  hot. .  125 
Horizontal  sun  &  moon  395 
why  oval  ....  394 
Horses  strike  fire    ..  101 
snuff  up  air. .  , .  158 
uneasy  in  rain. .  154 
Hot  night  oppressive. .  150 

water   208 

„    melts  sugar  363 
weather  enervating  90 
„    abates  appetite  95 
„    good  for  fruit  95 
,,    not  for  grease  95 
Hottest  place  at  church  333 
Houses — 

spontaneously  ignite  57 

distant  in  fog   155 

gather  damp   223 

smoke  in  valleys    67 

Hull  of  ships  seen  last  402 

Hunger    90  to  94 

allayed  by  food  . .  39 
promoted  by  cold  93 
„  daylight  .,  91 
„  rapid  digestion  94 
„  running  ....  9 1 
„  singing  ....  91 
„    speaking   ..  91 

„    work   91 

{Set  apptlUe.) 
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PADS 

Hydbogbn  gas    36 

of  fuel   246 

IcB    366 

contains  heat   34 

dissolved  by  acids  . .  373 
„       friction  . .  104 

„       salt   873 

„       sun   129 

grows  thicker   370 

lighter  than  water  ..  366 
made  in  hot  vessels. .  377 

net  work   367 

Ice-bergs  echo   433 

Ignis  fatdus   298 

cause  of  298 
Illness  from  over  eating  90 
Impure  water  purified...  73 
Incandescent  carbon  ...  78 

Indians  strike  fire    102 

Inflammable  air  75,  294 

Insects  in  wet  weather  159 

luminous   299 

Insensible  perspiration .  220 
Intermediate  clouds  ...  193 
Ibon  affected  by  lightning  3 1 

bad  absorber    193 

beds  safe  in  lightning  21 

cinders   44 

cold   175 

contains  latent  heat  99 
cooled  by  air  ....  253 
„  convection  253 
„  radiation  .  253 
good  conductor  172,  193 
heated  by  blows  . .  99 
louse  safe  in  lightg.  15 
matdies   •  •  100 


Ibon  (continued) 

rusts   258 

„  not  in  dry  weather  259 

„  prevented  260 

„  scales    258 

„  when  common , .  259 

Bonoious  42S 

stoves   1^1 

Ironing  box   161 

Islands  temperate  ....  328 
subject  to  wind  327,328 
warm   328 

Jack  o'  Lantern    298 

January  winds   317 

Java,  jungles  of   270 

Jetof  flame  through  bars  46 

Judges  VI.  illustrated..  218 

July  winds    317 

Juice  of  lemons   488 

June  wind    317 

Jungles  of  Hindostan..  270 

Kendal,  rain  of   358 

Keswick,  rain  of  358 

Keyhole,  draught  of  . .  331 
Kettle — 

boils  over  118 

„  quickly  when  sooty  194 
„  slowly  when  clean  .  194 
„     „     when  new. .  194 

back  of  black  207 

bottom  sooty   207 

„   cold  when  boiling  207 

furr  of   264 

holder   173 

lid  should  be  clean  . .  206 

„  hot   208 

not  full  after  boiling .  US 
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Kkttlb  (continued) 

runs  over   1 

„  through  the  spout  118 
Saturday's  beils  best  207 

sings    11^ 

•team  of   242 

top  bright   207 

Kid  gloves,  black   196 

Kiilarneyecho  436 

KiNDLiNQ  fires    42 

damp    45 

dry    45 

stones  unfit  for  45 

Ladi*s'  fan   185 

Lake  Averno   270 

Lakes  which  never  freeze  372 

Lamps  ..   75 

Argand   84 

safety    295 

smoke   84 

spirt  f  161 

glasses   85 

{See  candle.) 

Land  air  cold   231 

aflFects  climate  305 

cools  before  water  .  231 
Laplanders  clad  in  skin  190 

Larv8B    160 

Latent  heat   33,  99 

Laundress  wets  flat-iron  162 

Laziness — 

caused  by  want  of  food  92 

„       heat   96 

Lead,  bad  conductor  . .  172 
dulness  of  ....  261 

pencils   205 

tarnish   261 

Leanness  from  starving  89 


faoi 

Leaves  absorb  carb.  acid  251 
collect  dew  ....  215 
exhale  oxygen  . .  250 

green    420 

in  a  pond   437 

light  grn.  in  spring  420 
pale  in  dark  places  420 
promote  cold  ..  168 
radiate  heat. .. .  215 
yellow  in  autumn  420 

Lemons,  juice  of   488 

salt  of  488 

Lid  of  kettle  bright  , .  207 
„  hot  ....  203 
„        rattles  ..  119 

Light  bread   288 

colors  cool    194 

„    bad  radiators  204 

Light  47,  380 

a  compound  . .  4]  0,  417 

cause  of   381 

contracts  the  eye . .  395 
divided  by  a  prism  410 

from  a  flint   100 

„     compression  105 
none  in  bent  tubes  403 

of  caudles    77 

fir»    47 

houses,  trees,  &c.  381 

the  sun   381 

2  rays  cause  darknF.  421 

speed  of   ■<81 

sudden,  painful  . .  382 

Lighting  fires   42 

Lightning   3 

affects  iron  and  steel  31 
„    telegraph  ....  31 
arwoui  safe  from...,  31 
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LiGHTNiNo  {continued)  page 

ba/ks  trees   29 

bed  repels   21 

bells  attract   ....  17 

breaks  off  boughs.  30 

brooches  attract . .  22 

carpets  repel  ....  21 

cause  of  flash  ....  6 

churches  attract . .  14 

clouds   5 

comes  from  clouds  16 

)•       „     earth  16 

crowds  attract  ..  18 
danger  from  . .  14  to  23 

CONDUCTORS  ....  23 

„  copper  best  for  23 

„  danger  from . .  24 

n  how  made.. ..  23 

t,  not  attractive  .  23 

„  materials  for. .  23 

„  thickness  of . .  24 

»,  use  of    23 

„  why  not  common  24 

different  kinds  ..  3 

disch  arged  by  spires  5 

„        trees  12 

wfrom  clouds.. ..  15 

„  „  earth  to  clouds  16 

electrical    3 

flash,  cause  of. .  . .  6 
„  precedes  thunder  11 

flies  about   25 

flocks  attract  ....  19 

followed  by  rain. .  lO 

„        wind..  10 

follows  dry  weather  28 

not  wet   29 

forked   5 

fuses  metal   27 


Lightning  (coniinueet)p^„ 

globular   5 

herds  attract  ....  19 
iron  bedsteads  safe  21 

keys  attract    22 

kills  animals   7 

knocks  down  houses  24 
„    churches,  &c.  25 

magnetic   3x 

maims   7 

mattresses  repel . .  21 
metal  conducts  . .  23 

odour  of   30 

passes  down  trees  13 
„  through  man  14 
produces  fulgurites  30 
„    nitric  acid  26 

purifies  air   28 

rare  in  winter  ..  28 

resinous   16 

returning  stroke  . .  17 
rings  attract  ....  22 

safety  from   22 

scorches  trees. ...  29 

sheet   6 

source  of    4 

speed  of   12 

straight   6 

sulphurous  smell  of  27 

summer   n 

„    common  in  28 
theatres  attract  . .  19 
trees  attract  ....  12 
„    conduct ....  20 
turns  beer  sour  . .  27 
„    milk  sour  . .  2b 
„    not  old  beer.  27 
„    not  porter  ..  27 
vitreous   16 
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Soap  (continued) 

yellow  S61 

bubbles   415 

ascend  ....  365 
„    change  colour  415 
Soapy  water  bubbles  . .  3C5 

Soda,  muriate  of   488 

water   277 

acid    . . .  •  278 

Sodium    264 

decomposes  water  264 

Soft  soap    361 

water  for  washing  .  362 
Soil  affects  climate  ....  305 

Solids    114 

Sonorous  things   426 

bell  metal    427 

copper   426 

iron   426 

musical  instruments  428 

Soot   40, 

in  summer    71 

on  Ceilings  ......    71 : 

{See  smoke.)  \ 

Sooty  kettles    193' 

Sound   426  ' 

affected  by  frost  ..  430 
„        heat  ..  430 
akin  to  colour  ..  ..  418 
arrested  by  mist ..  431 
„         wet  ..  429 
diminished  by  rarity  432 
heard  best  by  night  431 
„  in  a  frost  430 

through  bent  tubes  403 
inaudible  on  hills  .  432 
loudest  in  dry  air  .  153 

velocity  of.   426 

musical  426 


SoDND  (continued)  '^oi 
prevented  passing  from 

room  to  room   432 

two  produce  silence  421 

Soup  long  cooling    241 

cooled  by  air   254 

Source  of  heat   1 

Sourness,  cause  of   280 

SoutH  wind  rainy.. .321,  337 

warm    320 

■west  wind  rainy  ...  322 

Sparks  from  afire   110 

„       flint    100 

„       horse-shoe  101 

Spectacles    40fl 

affect  the  eyes  429 

black   425 

blue   424 

clouded  by  a  hot  room  222 

for  aged    409 

„  near  sights  407 

Spectrum   425 

Sfibits  depressed  ....  151 
before  a  storm  257 
cloudy  night...  150 
dull  weather...  151 
mountain  air  ...  256 

exhilarated    151 

by  clear  nights  151 
frosty  air...  154 

spring   154 

Split  bells    427 

Sponge  swells  when  wet  356 
Spontaneous  combus- 
tion 57,  58,  59 

of  forests   104 

Spoons  become  dull  ...  262 
bent  in  water  ...  404 
Stained  by  eggs  .  284 
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Spoons  retarcl  boiling . .  ]  30 
Speaking  produces  hunger  91 

Spray,  cause  of  ,  330 

■white   419 

Spbing,  best  late  ....  324 

bracing   154 

cracks  the  earth  ..  374 

verdure    420 

Spring  water  cool  ....  189 
„  sparkles . .  279 
Springs  prevent  freezing  372 
Sprinkling  to  cool  rooms  165 
Squint  eyes  see  double  386 


Stagnant  water   364 

full  of  worms  364 
soon  freezes. .  370 

Stale  beer,  &c   286 

eggs  offensive  ....  285 

Stars,  distance  of  ... .  400 

size  of   400 

invisible  by  day  . .  385 

seem  flat  40i 

seen  in  a  well  ....  385 
seen  on  mountains  394 
twinkle   421 

Stakvation    89 


produces  dirtiness  ,  96 
laziness ...  92 
„       leanness...  89 


fj  xuauucos... 

Steam                   129,  359 

curls   61 

engines  burst  ....  242 

invisible    242 

of  a  ketUe    242 

„  locomotive  . .  224 

why  visible   119 


what  becomes  of  it  120 


Steel  affected  by  light- 
ning.......^. 31 

and  flint  make  a 

spark    100 

purple   260 

rusts   y60 

prevented...  260 
Stick  burnt  makes  a  circle 

of  light   422 

Stirring  cools  broth,  &c.  254 
Stockings  difficult  to  draw 

on  when  wet   357 

Stones  broken  by  frost  367 

cold   175 

collect  no  dew   216 

snap  in  fire   110 

unfit  for  fuel    45 

Storms   4 

depress  the  spirits  257 
distance  of  told  ...  9,  11 
follow  dry  weather  28 
places  of  danger  in  12 
„  safety  in  ,  20 
prevail  in  summer 

and  autumn. ...  28 
rare  in  wet  weather  29 
{See  dajiger,  safety.) 
Stoves  crack  lighted  . .  126 
cooling,.  126 

of  bricks   181 

iron    !81 

on  a  floor  63, 5'43 

rust  5:o9 

„    most  in  winter  2.')9 
not  often  ....  259 
„    prevented. . . .  260 
Bettings  fall  away . .  1 26 
warm  a  room  ....  243 
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8£A  {continued)  page 

breeze   327 

canse  of  ......  327 

cold   327 

gives  out  heat ....  329 
gulls   163 


less  hot  than  land  .  3U9 
not  heated  by  sun  .  309 
rarely  frozen   ....  372 


salt    364 

spray    330 

tides   330 

vapour  not  salt. .. .  170 

water  buoyant ....  377 

waves    829 

„    stationary  ..  329 

„  no  onward  motion  329 

vfinds   309 

Sedentary  men  not  hungry  92 

Seeds  germinate   325 

Seeing  in  a  glass  ....  386 

into  a  dark  street. .  396 


„    light  room. .  U82 
m  small  mirrors  ..  389 
the  same  object  ..  381 
when  used  to  d&rk  383 
Sensation  destroyed  ..  441 
of  feeling  . .  44'I 
of  taste ....  441 
September  winds  , ,  317,  318 
'sewers  purified  by  lime  290 

Shade  cool    189 

Shadow  after  looking  at 

sun    424 

in  water  389,  390 

larger  as  the  object 
approaches  a  light  397 
Shallow  water  freezes...  371 


ShaTings  arrest  sound . .  439 

She€n   417 

Sheep  bleat  before  rain  164 

lie  under  hedges  . .  154 

perilled  by  storm . .  19 

Sheet  lightning  ......  '6 

Sheets  wet    164 

Shilling  and  basin  ....  404 

Shining    417 

Ships  contain  carb.  acid  268 

hull  seen  first . .  402 

out  at  sea    402 

the  Hawoody  . .  268 

Shibts,  cotton  warm  ..  190 

linen  cold   190 

Shoes  cold  when  wet. .  164 

hot  when  dusty  ..  201 

Shot  hot   106 

Shower  cools  air   166 

Shutters  dangerous. ...  166 


Sick  rooms  purified  439,  440 


Sicknessfrom  overeating  90 
want  of  exercise  90 
Sides  of  a  pond  littered  437 
Sight  affected  by  heat .  382 

far    408 

cause  of  ....  408 

effect  of   409 

remedy  409 

near   407 

cause  of  ....  407 
efi'ect  of  ....  409 

remedy  407 

Silence  prod,  by  sound  421 

Silk,  raw  warm   191 

spun  cool   191 

Silver  good  conductor  17? 
utaat  Mvera  209 
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Silver  (continned)  paqb 
should  not  be  chased  210 

nitrate  O'f  488 

tarnishes   261 

Simmering   115 

Simple  clouds   137 

Singing  of  a  keltle.  .  , .  116 
produces  hunger  91 
Single  magpie  unlucky.  159 

Sir  H.  Davy    295 

Size,  distance  lessens  .  399 

of  clouds   132 

Skin,  black  never  blisters  19& 
scorches  198 
white  blisters  ....  198 

Sky  blue   146 

cleared   322 

grey   145 

overcast    321 

red    145 

yellow   ,  145 

Slaked  lime   292 

SLEEPeloiigates the  body  439 
body  feels  not  in...  441 

dreams  in   441 

ears  hear  not  in  ...  440 

eyes  see  not  in   440 

mind  wills  not  in  .  441 
tongue  tastes  not  in  440' 

Sleet   319 

Slit  chesnuts    109 

Smelling  salts   480 

Smells  in  wet  weather  157 
bins  and  sewers  . .  290 

remedy   290 

churchyards   297 

putrefying  bodies. .  284 

sick  rooms  438 

remedy  43^3 


PAOI 

Smoke  41,  60 

ascends    60 

curls   61 

falls   158 

„  down  a  chimney  64 
of  fresh  coals  ....  41 

„  candles    83 

„  lamps   84 

remedy   85 

„  red-hot  coals  . .  41 
„  steam  engines. .  61 
„  „    trails  153 

rises   60 

useful  in  cooking. .  208 

Smoky  chimneys   62 

See  chimney. 

Smoke  jacks    113 

Smouldering  wicks.. ..  53 
Snakes  cold  blooded  ..  98 

Snow    349 

and  salt  cold  . .  37,  374 
arrests  sound  ....  429 
bad  conductor. .. .  350 

cause  of   349 

contains  heat  ....  34 
falls  in  winter ....  349 
„    not  in  summer  351 

like  wool          181,  350 

nourishes  the  earth  35^ 

on  mountains   351 

soon  melts  beneath 
a  hedge  or  wall  .  214 

use  of   350 

warm    350 

white    351 

Soap  361 

cleansing  362 

hard,  soft  361 
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P.Aiu  (contintied)  'aos 

sky    146 

smoke   1 08 

souuds   153 

sun    146 

purifies  air   355 

sudden  change  ..  34-4 
WATER  fertilizing  325 

not  salt    364 

smells  oflfensive  362 

soft    362 

stagnant   364 

unpleasant  ....  303 

Rainbow   411,412 

colours  reversed  414 

double  413 

morning   146 

night    147 

Rainy  months   358 

parts  of  England  358 
Rare  air  bad  for  sound  432 
llultling  of  kettle  lid  ..  119 

Rat  of  light  bent   403 

divided    ..  410 
two  produce  darkness  421 
Reading  makes  hunger  01 


Red  colour   248 

cause  of  ......  418 

rose  418 

sky    135 


sun- rise  ..  135,  144 
sun-set    . .  143,  146 
RkFLECTION  of  HEAT. .  199 
in  a  mirror  388 
in  water  ..  399 

Reflectors    199 

help  to  roast  ....  2'Jl 
keep  kitchen  cool  201 
light  colours  ....  200 


Reflectors  (contind.)  paoi 


not  absorbers  ....  200 

polished  metal    . .  200 

should  be  clean  ..  197 

„    bright   197 

„    not  be  painted  198 

Refraction    402 

Resinous  electricity   . .  17 

Retina   406 

Reverberation   433 

Rice  for  food    96 

Rings   dangerous  in 

storms   22 

Rivers  slow  at  sides  ..  365 


freeze  unequally  369,  371 
„  never  at  bottom . .  369 
invert  our  image, .  . .  390 
not  wholly  frozen  . .  370 


oscillate    365 

shallow  freeze    ....  371 

seem  shallow   404 

warm  when  frozen  ..  371 

Roast  apples   109 

„    soft    109 

chestnuts    ....  lOT 
Road  dark  from  a  light 

room    382 

Rocks  collect  no  dew. .  217 

broken  by  frost  367 
Rotation  of  earth  affects 

the  air   307 

Room  cooled  ....  168,  333 

currents  of  air  in . .  303 

ventilated    333 

vitiated  by  a  crowd  268 

warmed  by  fire     .  243 

warmer  than  air  . .  331 

Roses  red    418 

repel  dew   230 

a  a  4 
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Rosneath,  echo  of  ....  435 

Ross,  Captain   430 

Rotation  of  earth  ....  306 
Rotting  leaves  cold    ..  168 

Rubbing   102 

hands  to  warm  them  1 03 

melts  ice   104 

restores  animation  103 
■wood  excites  fire..  102 
See  friction. 

Ruddiness    248 

Ruins  famed  for  echoes  433 

Eumford  Count   191 

Running  makes  warmth  90 
water  freezes  slowly  370 
makes  rough  ice.  .  371 

oscillates   365 

pure  . .    364 

Rush-lights  blown  out .  80 

Rust    258 

prevented    259 

when  most  common  259 

Rustics  healthy   271 

Ruts  frozen   367 

Safety  in  a  Storm 

abroad  ..  20,  21,  22 

hest  to  be  wet  . .  22 

in  a  carriage    . .  20 

armour    ....  21 

bed    21 

houses    ....  21 

iron  beds  ....  21 

near  a  tree  . .  20 

Safety  lamp   295 

Sailors  killed  by  carb.  ac.  268 

rarely  catch  cold  165 

Saliva   443 


St,  Bride's  church  de- 
stroyed by  lightning  25 

Salt   488 

and  snow  cold  34,  374 
„  bad  for  washing  361 
crackles  in  a  fire. .  46 
dissolves  ice  ....  373 
dissolved  by  water  363 
„  especially  hot  363 
flavours  water  ....  363 

of  lemons   488 

retards  boiling. . . .  121 

smelling  480 

white   352 

water  boils  slowly  121 
„  bad  for  steamers  264 
„      „       washing  361 

Salts  Epsom    488 

Sand  dazzling  417 

used  for  furnaces  181 

Saturday's  kettle  207 

Saucepan  best  black..  206 
new  boils  slowly..  206 
lids  should  be  clean  206 

bright  200 

rattle   119 

Saws  hot  from  use   104 

Savrdust  arrests  sound  431 

Scald  cured   163 

Sclerotic  coat  406 

Scripture  illustrated  ..  181 
218,  ;-80 

Scum  of  fermentation  281 

Sea  afifects  climate   305 

beach  healthy  early  327 
not  at  night  327 

brackish   364 

breakers  329 


INDEX. 


473 


Piston   305 

Plants  collect  dew  215 
forebode  rain  ....  1 57 
grow  by  moonlight  227 
Plaster  of  Paris  ....  488 


of  stoves  falls  126 
Plasterers  cannot  work 

in  frost    375 

Plate  warmer  ..  196,200 
Platinum,  good  con- 
ductor   172 

its  use   263 

never  tarnisbes 
Ploughing  warms  us  . .  167 

Plumbago   260 

prevents  rust  260 

Poison  for  flies   439 

Poker  draws  up  fire  . .  53 
hot  against  a  stove  192 


cold  on  a  fender  17  9,  193 


how  to  carry  a  hot  242 

rusts   259 

rust  of,  prevented  260 

Polar  current   31 1 

sounds   430 

Polish,  use  of   180 

Polished  metal  teapots  205 

Ponds  dried  up    168 

Poor  averse  to  cleanliness  96 

Tentilation  . .  97 

lazy   92 

Poppies  repel  dew  ....  230 

Pores  of  wood ........  1 1.0 

Porter,  froth  of   278 

set  before  a  fire  1 12 

stale   2bl6 

vats  dangerous  274 

Positive  electricity  ....  16 


PAOS 


Pofts  charred  . .  i   74 

Potatoes,  green   ....  421 

yellow   4  "i> 

Potash,  tartrate  of  ... .  4^  '1 

Potassium   464 

burns  in  water  464 
Prick  of  the  skin  bleeds  83 

Primrose  yellow   419 

Prisms  divide  light.. . .  411 


Pbognostics  of  weather 
from  animals  ..  154,  156 
candles  &  lamps  161 


clouds   138 

corns    257 

distant  objects. .  155 

flowers   157 

insects   159 

magpies    159 

perfumes   158 

railway  smoke. .  153 

rainbow    146 

sea-gulls   lUO 

sky   146 

smoke   158 

sounds   153 

sun-rise    1-16 

sun-set. . . .  143,  146 
Proverbs  about — 

April    325 

clouds   140 

dust   332 

kettles   207 

magpies    159 

March   323 

rainbows  ....  146,  147 

scripture,  145,  181,  350 

spring   333 

sun    146 
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Proverbs  (continued)  pagb 

wentber    330 

winds    333 

Psalms  illustrated    181,  352 

Pump  explained   SOS 

handle  cold  ....  175 
well  very  deep  . .  2.')6 
water  hard  ....  360 
„  sparkles..  291 
Purple  steel  rusts  ....  260 
its  rust  prevented  260 

PUTUEFACTION    284 

not  fermentation  283 
smell    284,  297 

Quadrupeds  swim  ....  379 
Quick  lime  absorbs  car- 
bonic acid    276,  292 

Quicksilver  bright  ..  262 
conductor....  178 
extinguished  442 

Eadiation   202,  254 

coals,  iron  . ,  253 

Radiators  are  absorbers  203 
bad    180 

Eait.way  engines    ....  224 

furr  of    265 

smoke  foretells  rain  153 
water  for   265 

Eain    253 

affected  by  wind  . .  354 
after  lightning. .. .  10 
arrests  sound  ....  430 

cause  of   233,  313 

clouds  bode   141 

cools  air    166 

differs  from  dew..  233 
diminishes  density  355 


Rain  (continued)  pao» 
dispels  carbonic  acid  276 

drops  of    353 

„  vary  in  size  354 
fertilizing  . .  325,  355 
from  passing  clouds  354! 

sudden  change  344 
heaviest  in  summer  358 
least  at  the  poles. .  359 
less  in  summer  . .  326 
most  in  winter  325,  358 


„  on  mounti.ins  356 
near  the  equator. .  359 

not  salt    364 

on  cabbages   230 

dust  230 

rose  leaves  ....  230 

of  Cambridge   358 

Dublin  ,   358 

England   358 

Kendal   358 

Kes-wick   358 

Lincoln    358 

Liverpool    ....  358 

London    358 

Manchester  ....  358 

Paris    358 

prognostics  of....  142 
from  animals  . .  154 

birds    159 

candles  and  fires  155 

clouds   141 

corns    357 

distant  objects. .  155 

flowers   157 

insects   159 

railway  smoke. .  153 

rainbow    156 

sea  gulls    16ft 
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MoDNTATHs  {continved)^^°^ 
affect  climate  . .  .  •  305  | 
„    winds    . .  •  •  '08 

„    cold   202, 

eollect  rain.  ...     . .  3561 

famous  for  echoes  433 
Height  found  by  ba- 
rometer   335 

impede  respiration  256 

noiseless   432 

Muriate  of  soda   488 

Murky  nights  oppressive  151 
Musical  instruments. .  428 

bass   429 

bells   427 

fiddlea   428 

drums    428 

flute   428 

flat    429 

glasses. ...     . ...  428 

notes   429 

pianoforte    428 

sounds  426 

Ueble     42« 

Nails  for  matches  ....  100 
Naves  fitted  on  hot. .  .  125 
Near  SIGHT   ....  405,409 
spectacles  for  ....  406 
Negative  electricity ... .  16 
Negroes,  why  black  ..  198 
with  black  eyes  199 
New  kettles  boil  slowly  194 
Night  air  uniform. .. .  431 
allays  hunger  ....  91 
cold  when  fine. .. .  211 

exhilarating   151 

oppressive    151 

produces   91 


f  AOS 

Night,  rainbow  at  ....  147 
Nights  warm.when  cloudy  21 
Nimbus  CLOUDS   141 

character  of    ....  141 

Nitrate  of  silver   4ts8 

Nitric  acid   26,  28,  488 

produced  by  lightng.  2fJ 

NiTBOGBK    38 

expired   249 

of  air    246 

Non-transparency  ....  416 

Noon,  cause  of   306 

NoBTH  wind  cold  ....  320 
dry  ....  320 
east  wind  dry  . .  322 

Northern  lights    148 

Notes  bass  429 

flat   429 

sharp    429 

treble    429 

November  rainy   325 

Ocean  affects  wind  ....  309 

Octaves    429 

Odour  of  electricity ... .  30 
Office  ceilings  cloudy..  71 

Oil,  elements  of   75 

linseed,  boiling  pt.  122 
of  turpentine  ....  122 

of  vitriol   488 

paper  transparent  416 

Old  people  cold   i>7 

far  sighted    408 

hold  objects  at  a 

distance   409 

lose  their  power  of 

walking    442 

spectacles  for  ....  403 
s  a  2 
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One  pot  will  not  boil  in 

another..  120 
how  to  make  it  121 

Optic  nerve    406 

(irange  colour,  cause  of  424 
Ovetis  entered  by  men  185 
Out-of-door  work  pro- 
duces hunger   92 

Owls  prowl  at  night  . .  884 
see  in  the  dark  ,.  384 
sleep  all  day  ....  384 
screech  before  rain  154 

Oxalic  acid   488 

Oxide  of  copper   261 

iron   258 

lead   261 

platinum  ....  263 
potassium    . .  264 

silver    262 

sodium   264 

Oxidized   248 

Oxygen    37 

exhaled  by  leaves  250 
heats  the  blood  249 
in  the  blood. . . .  266 

inhaled    247 

makes  blood  red  248 
„    fuel  burn  246 

of  air    101 

„    its  use   . .  245 
supports  combus- 
tion   245 

sustains  life. .  . .  246 
use  of  to  tinder  KH 
Ozone   30 

Paleness   248 

Palmer's  candles   82 


tAOt 

Papub  bums   42 

not  always  46,  54 
extinguishers  ....  81 
oiled,  transparent..  416 
puckers  from  wet  365 
used  for  kindling . .  42 

Papill89    442 

Paris,  Dr   423 

plaster  of   488 

rain  of   358 

Pari-oubs  smell  of  smoke 

in  summer   71 

Partition  walls  to  arrest 

sound   432 

Pea  soup  fog    232 

Peacocks  call  up  rain. .  155 
Pearl  divers  deaf  ....  162 

Pencils   20C 

Percussion    95 

Perspiration  ......  92,  229 

Petals    418 

Petrels   161 

Petrifaction   361 

Phosphate  of  lime   297 

Phosphoric  acid   38 

Phosphorus    297 

how  obtained    297 

burns  under  our  nails  88 

PhOSPHURETTED  HYDRO- 
GEN GAS   297 

how  obtained  ....  297 

Pianofortes   428 

Pickle  tested    377 

Pie  with  a  cup    123 

full  of  juice   124 

Pigs  squeak  before  rain  155 
Pimpernel  forebodes  rain  157 
Pipes  broken  by  frost. .  368 
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Lightning  (continued),  | 

walls  attract  ►  16  > 

watches  attract  ..  21 

water  attracts  ....  14 

wet  repels   22 

zig-zag...   5 

{See  danger,  safety.) 

Lilac  steel  rusts   263 

prevented  . .  260 

Lily  white    419 

Lime  and  water   32 

absorbs  carb.  acid.  276 

burned   291 

phosphate  of    297 

purities  bins...  290,  439 

sewers  290,  439 

slack   290 

qnick  or  caustic  ...  292 

used  by  well-sinkers  267 

wash  for  rooms  ...  439 

white    419 

Lincoln,  rain  of   358 

LiM£  of  iacidence   387 

reflection   387 

Linen  cleaned  by  water  302 

cool  wear   190 

dried   333 

Linseed  oil  boiling  point  122 

LiaUEFACTION    129 

Liquids    114 

bad  conductors  ...  238 

cooled    240 

heated   239 

not  elastic    245 

Lisle  thread  gloves  ,   .  196 

Liverpool,  rain  of      ^  358 

Lizards  cold  blooded  ...  98 

London  too    232 

lain  of    Sd8 


PAOX 

Long  flues   61 

grass  promotes  cold  .  168 

LOOKINQ  ULASS   38*> 

a  reflector   386 

reflects  our  image  .  3^8 

„    whole  person  389 

LuciPEB  matches  ....  298 

ignite  easily. .  298 

Lunar  caustic   483 

Lungs  described   250 

Mackarel  scales,  &c.  ..  140 

Mackintosh  prevents  cold  1(35 

Madness  from  starvation  M9 

Magnetic,  lightning  is  .  31 

Magnifying  glasses   309 

Magpies  bode  weather.  ■  1  09 

Malt   2M2 

Mailing    281 

Man  a  swimmer   379 

fat  swims  best ... .  o79 

DO  bigger  than  crow  .'J99 

Manchester,  rain  of. .. .  358 

Manufactory  chimneys  .  64 

Marble   48« 

March,  bushel  of  dust  3'i3 

comes  in  like  a  lion  323 

goes  out  like  a  lamb  ,i:>3 

dry  good,  wet  bud  .  324 

,,  month    K 17 

flowers  undesirable  W-li 

use  of   32'J 

winds    317 

„    dry   .«3 

Mares'  tails   140 

Marsh  gas    2!)3 

Masts  of  ships  seen  first  402 

May  flowers   325 

s  a 
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May  winds  ~.~.T.....  317 

Meat  covers   209 

,,       not  chaeed  210 

li]<ed  in  cold    93 

loathed  in  heat    '94 

roasted  by  reflectors  201 

taint  removed    439 

tainted  by  moon  ...  226 
Mkchanical  action  -98 

developes  heat   2 

Mr.KCURY  of  barometer  335 
boiling  point  of  ...  122 

bright    262 

concave  343 

Convex    343 

its  rise  &  fa;ll  337  to  348 

rises  from  heat   127 

tarnishes    261 

Metal  coUectsno  dew  2]'6 

condnctors    172 

feels  cold    175 

,,  hotterthan  wool  174 

fused  by  fire    129 

by  lightning...  27 
good  conductor  ...  172 

handles  burn    173 

hot  causes  pain  ...  185 

reflectors    200 

tea  pots    205 

Mn-K  long  in  cooling  241 
soured  by  lightning  25 

Mineral  springs    360 

Miner's  danger   2S6 

prevented  267 

Mirror    386 

Micellaneous  ques.  436, 443 
Mist  arrests  sound  ...  429 

black   150 

cause  of.   228 


Mist  f  continued ) 

differs  from  cloud  131 
„       „     dew...  228 

"       "  -  III 

dispelled  by  sun  229,  233 

increases  distance...  155 

magnifies    155 

on  windows    219 

seems  to  rise   229 

white   151 

Mixing  not  combining  26 

Money  hot  in  apocket  174 

Monsoon   315 

veiy  powerful  316 

veiy  useful  ...  316 

changes  marked  316 

Months  driest    346 

wettest    346 

Moon,  distance  &  size  400 

halo  round    150 

largest  at  horizon  395 

oval    395 

reflected  in  water  393 

seems  fiat   401 

,,  larger  than  stars  400 

Moonlight  pro.  growth  227 

taints  meat  226 

Morning  breeze    326 

gi-ey    146 

rainbow    ...  146 

red   135,145 

streaks    136 

Mortar    292 

adhesive    292 

cnimbles    374 

hardens   292 

Motes  in  a  sunbeam...  255 

Mothr.  Carey'sChickensl61 

Mould  hardened  by  sun  1 69 

Mountains  cloudy...  142 
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Stratus  clonds   138 

how  produced  ..  139 
Stbaw  put  over  bricks  .  375 
„  trees  ....  376 
„  waterpipes  378 
Stbeets  dark  fr.  a  room  382 
seem  to  meet  . .  398 

■watered    105 

Striking  iron  makes  heat  99 
Struggling  in  water  dan- 
gerous   378 

Stucco  peels  off  in  frost  375 

Sulylimates    488 

Sublimation   488 

Sudden  light  painful  ..  382 

Sugar   279 

anhydrous   280 

at  top  of  tea  melts  438 

elements  of   279 

ferments   279 

flavours  water  ....  363 
left  at  the  bottom  of 

a  cup  melts  slowly  438 
makes  alcohol  ....  280 
„    carbonic  acid  280 
melted  by  water  . .  361 
„    especially  hot  363 

of  lead  488 

retards  boiling. , . .  121 
stirred  melts  quickly  438 

white   352 

Sulphate  of  lime  360,  488 
magnesia  488 

soda   488 

zinc   488 

Sulphuric  acid...  ........  488 

„         and  water  32 
Sulphuretted  hydro^ien  .  284 


rABv 

SUUMXB — 

allays  hunger  9tf 

clothes  for    J  94 

makes  grease  odious  94 
„    fruit  pleasant  95 

lightning   11 

Sun-beams  full  of  motes  255 

Sun  affects  eyes   424 

dazzles  ^.  383 

dulls  fire   50 

hardens  earth  ....  169 
largest  at  homou  ,  S95 
not  seen  i;  a  well . .  ^^92 

oval   395 

radiates  heat  ....  202 
reflected  in  water. .  393 

seems  flat    401 

source  of  heat. ...  2 

Sun-rise  breezy    326 

red,  cause  of  135,  144 
„    sign  of  wet  146 

Sun-set  grey    1 46 

red  135, 

„  forebodesfine  143 

yellow   143 

„  forebodes  wet  144 
Super-acetate  of  lead  . .  488 

Sur  Raja  of  Bengal   269 

Suspended  animation  res- 
tored   103 

Swallows  fly  low   159 

Swan  dry  in  water  ....  230 
Sweet- wort  needs  yeast  283 

Swimmers  sink   378 

Swimming   379 

in  the  sea..  ..  377 
Syphon  explained  ....  256 
Sjxup,  boiling  point  of  .  122 
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Table  salt    488 

Tainted  meat  cured  72,  439 
in  moonlight  226 
water  purified  73 

Tallow    75 

wicks,  why  of  cotton .  83 
why  not  like  wax  wicks  83 
See  candles.  ^ 

Tarnish   261 

of  copper  261 

German  silver  262 

lead   261 

silver   262 

zinc   261 

Tartar  emetic  488 

Tartrate  of  potash   488 

Tarts  have  a  cup  inside  123 

full  of  juice   124 

Taste    442 


Tea  cooled  by  blowing .  1 86 
,,     by  stirring  .  254 
„     in  a  saucer.  169 
OBEEN,  deleterious  439 
„  poison  for  flies  439 
Tea-pot,  black  earth  . .  205 
preferred  by  some  205 
set  on  a  hob  ....  205 
bright  metal  ....  204 
„       tarnishes  262. 
Tea-spoons  tarnished  .  261 
„  by  eggs  284 

Telescopes    402 

Temperature  varies. .  304 
from  forests ....  .167 
„  land    ....  305 
„   mountains  305 

eea   305 

w  Boil   30b 
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Temperature  from  trees  167 

Tempest   4 

affects  weather  344 
(See  storms) 

Thaumatrcpe   423 

invented  by  Dr.  Paris  423 
Thaw  affects  barometer  338 

cold   373 

dulls  fire   52 

Theatre  dangerous  ... .  19 

Thermometer   334 


differs  from  a 

barometer..  334! 
rises  from  heat  127 
Thick  clothing  unhealthy  170 
Thread  gloves  cool....  196 
why  white  4i9 

Thunder    8 

after  lightning. .. .  11 

bolts  {see fulgurites)  11 
deep  growl  ......  9 

distance  of,  told. .  9,11 
effect  on  weather..  344! 
followed  by  rain  . .  10 
„       wind  ..  10 

inaudible   11 

irregular  roar  ....  8 

one  crash   8 

rolling   10 

(See  danger,  safety,  storm.) 
Tliunder-storuis,  cause  of  4 

Tides   330 

cause  of    '"'30 

two  daily   330 

Tigers  prowl  by  night  364 
see  in  the  dark. .  384 
sleep  all  day . . . .  £S4 
Tiles  broken  by  frost..  367 


i 
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Timber  charred   74 

Tim- blowers    70 

foot-warmers  ....  179 
„  covered  180 
good  conductor  . .  172 
meat  CO  vers,  polishd.  209 
plate-warmer   ....  196 

reflectors   201 

tarnish  of  261 

{See  re/lectors.) 

Tinder  blown   101 

Toast  and  water   73 

dry  for  the  sick  .  73 
Tomb  stones  frosted  197 

Tongs  rust   260 

prevented..  260 
Tools  hot  from  use. .. .  104 

Tbade  winds   311 

Atlantic    314 

Indian  ocean  314,  316 
Monsoons  ....  315 
North-east  ....  311 

Pacific   314 

South-east  ....  311 
Trailing  smoke  bodes  rain  153 

Transparency  416 

non-transparency  416 

Treble  419,  429 

its  vibration  ...  429 
Ibees  barked  by  a  flash  29 

collect  dew   211 

covered  with  bass  213 
discharge  lightning  12 
look  distantinfog  155 
not  frost-bitten...  236 
promote  warmth  .  167 

purify  air   272 

shade  of,  cool  ...  189 
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Trefoil  forebodes  rain..  157 
Tremulous  appearance 

after  rain   1 56 

Tube  of  barometer ....  335 

Tubs  dried  up   168 

Tumblers  (see  glasses) 
Twilight,  evening. .  . .  136 
morning  ..  136 
Twinkling  of  stars  ....  421 

Two  eyes  385 

„     see  single. . . .  3B6 

„     use  of  ^  385 

fires  smoke   65 

„    remedy   66 

Unslit  chestnuts   107 

Use  of  barometers  ....  335 

clouds   142 

smoke  in  cooking  208 
snow  350 

Valley  chimneys  smoke  67 

of  death   270 

Vaporization    130 

Vapouk  a  conductor  ..  19 
differs  from  gas  1 14 
forms  fog  ....  234 
„     cloud  ..  234 
of  a  carriage  . .  220 
a  room  ....  219 
sea  not  salt. .  170 
Varnish  to  prevent  rust  2^0 

Vats  fatal   274 

Vegetables  eatcarb.ac.  251 
agreeable  in  summer  95 

collect  dew    215 

cool  the  bloed   95 

deseud  on  animals  ...  252 
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VegetftWes  exhnle  oxyg.  250 
Velocity  of  clouds  ..  331 
liglit....  381 
lighuiing  12 
soiind  . .  434 
tbunder  .  21 
■wiud. . . .  331 

Vent  peg   286 

Ventilation   333 

sought  by  licli ....  97 
not  by  poor  . .  97 

Verdigris  488 

Vertical  sun   300 

Vesiry  chimneys  smoke  66 

Viucgnr  distilled  488 

Violet  blue   418 

colour,  cause  of .  424 

Violins  musical    428 

Vitieous  electricity ...  .4,  16 

ViTBioL,  oil  of   .   488 

white   488 

Walls  to  arrest  sound  432 
•wet  in  winter  . .  223 
„  in  a  thaw  . .  223 
Want  connected  with  dirt  96 

Warm  clothes   195 

colonrs   195 

somethiugsmore 
than  others  . .  171 
Warmth  from  draining  167 

trees   167 

clearingforests  167 
cultivation  ..  167 

Warming  rooms   243 

Wash  hand  basin    177 

Washing,  good forhealth  96 

water  for   290 

^  should  not  be  hard  360 
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Watches  dangerous  in 

lightning   21 

Water   859 

acidulated   276 

aerated  277 

and  lime   32 

and  sulphuric  acid  32 

ashes  soften   362 

bad  conductor  178,  240 

boiling  239 

„  bubbles  ....  117 
„  rattles  ....  119 
„    runs  over  . .  118 

„    sings   116 

„    swells   117 

carbonic  acid  of  ..  291 
cleans  dirty  linen  .  362 

cold   177 

„    contains  heat .  33 
converted  to  steam  129 

cools  slowly  ,231 

decomposed  264 

deep  freezes  slowly  372 
dried  up  in  summer  168 

elastic   245 

expands  by  frost . .  369 
heat  . .  368 
extinguishes  fire  55,  111 
„    not  always,  55,56 
flat  when  boiled  . .  288 
flavoured  by  salt . .  363 
„  sugar  363 

flowing,  pure  ....  864 

fluid   359 

for  sick  room  -. . . .  73 

washing  290,  360 

freezes  at  surface...  370 
,,     unequally ...  371 
freshj  sparkles   291 
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Water  (continued)     ■  pagb 

frozen   366 

„  by  ether. . . .  376 
„  evaporation  376 
„      air  pump. .  376 

fnel   55 

furr  of   264 

hard   360 

agreeable  to  drink  291 
nufit  for  washing  360 

heated   239 

heavier  than  ice  . .  366 

hot,  scalds   183 

how  preserved  cool  199 
„  hot  3  99,209 

increases  fire    55 

inverts  images   389 

kept  hot    209,  241 

„    cool          199,  209 

melts  sugar,  salt,  &c.  363 
especially  hct  363 

mineral    360 

mixed  with  salt  . .  363 
boils  slower. .  122 
needful  for  frmutn.  285 
not  heated  above 

boiling   240 

not  heated  like  land  309 

oscillates   365 

pump,  agreeable  . .  291 

„    hard    360 

sparkles    291 

purified    73 

purifies  bins,  &c.  290 

putrefies    364 

rain,  not  salt    364 

„  smells  offensly.  363 

„  soft  362 

reflecib  sun  by  a  spot  393 


Wat  SB  (continued)  paob 
rises  in  a  pump  . .  255 
running,  keeps  pure  364 
freezes  slowly  370 
„       „      rough  371 
„    oscillates  ..  365 
salt,  bad  for  washg.  361 

scalds    185 

Bea  brackish   ....  364 
seldom  frozen  371 
ehallow,  freezes  soon371 

simmers   115 

Blackens  flame  . .  56 
Boapy,  bubbles    . .  365 

soft   291 

„  best  for  washing  362 
softened  by  ashes  362 

sparkles          279,  291 

spring  cool   189 

„  seldom  freezes  372 

stagnant   364 

„    full  of  worms  364 

stale   288 

flweUs  with  boiling  117 
toast  and,  use  of  73 
warm  when  frozen  371 
will  not  bubble  with- 
out soap   365 

{See  rain,  ice.) 
Water-pipes  burst  by 

frost   369 

covered  with  straw  376 
Watering  plants  by  saucer436 

rooms   165 

streets   165 

wheels   169 

Wavbs   329 

cause  of  breakers  3^9 
spray....  330 
X  a 
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Wax    75 

candles  not  snuffed  83 
Weatheb   affected  by 

tempests   343 

weight  of  air   . .  SS* 

glass    336 

prognostics  of ... .  140 
„  fr.  animals  154,  155 
clouds  ..  138,  141 

flowers    157 

raiuDow   146 

sky    146 

sun-rise  

sun-set  ..  143,  146 

rules  for   337 

Budden  change  brings 

rain   344 

told  by  barometer  334 

toys   357 

Well- sinkers  use  lime  267 
stars  seen  in   ....  392 
sun  not  seen  in   . .  392 
West  wind  promotes  dew  225 

rainy    321 

Wet  clothes  give  cold  164 
„  safe  in  a  storm  22 
feet  dangerous. .. .  164 

finger  cold    163 

indicationsof . .  145, 149 

kindling   45 

iiigbt  oppressive. .  150 
rat  safe  in  lightning  22 

sheets    164 

signs  of  ....  145.  146 
summer  brings  cold  166 

walls    223 

weather  painful  145, 150 
Wettest  months  346 
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Wheels  catch  fire...  103 

greased    103 

kept  cool  by  water  169 
Wheel-ruts  frozen  ....  367 

Wheelwright    125 

White   416 

blisters    198 

body  linen    194 

bones   420 

clcth  cold    194 

clouds   419 

crust  on  clothes  ..  170 
colour,  cause  of  ..  419 
dresses  for  summer  194 
„  not  for  winter  194 

fat    419 

froth  419 

lily    419 

lime   419 

mist   150 

salt   352 

snow   351 

spray   419 

sugar    352 

thread   419 

vitriol    488 

Wicks  cotton,  snuffed  83 
not  of  wax  light  83 

gas  of   294 

long,  have  a  nob..  82 

not  upright   82 

Palmer's  not  snuffed  82 
rekindled  quickly  53,  56 

smoke   84 

See  candles. 

Will  o'  the  wisp  298 

Wind    300 

affects  barometer. .  337 
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WiHD  (continued) 

„  clouds  ....  134 
after  liglilning  ..  10 
altered  by  clouds  310 

„       electricity  136 

„       mountains  808 
seas  ....  309 

„       rotation  of 

earth    ..  306 
brings  clouds  ....  142 

„    dry   322 

„    rain    322 

cause  of   300 

cLimneys  smoke  frc  niT.O 
changes  clouds  131,  134 
cold  ..  176,  187,  320 
dispels  clouds  134,  143 

„     fog   235 

draws  up  fire   ....  62 

dries  linen    333 

effects  on  air  ....  301 

„    „    barometer  336 
feels  hot  sometimes  187 
generally  cold  187 

in  England   317 

increases  clouds  . .  134 
near  mountains  ..  308 
of  a  morning  ....  526 
evening  ....  326 
prevents  dew  ....  214 

regular  810 

■varies   308 

velocity  of    331 

varies  ....  305 

See  England,  monsoon,  north, 
touth,  west,  <tc.  trade  winds, 
breeze,  4[c. 

W'iudin)^  passages  echo  432 
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WiKDOWs  blaze  with  sun  390 

not  at  noon   391 

draught  of   330 

covered  vpith  frost  221 
„       „       mist  219 
carriage  dull    ....  220 

rattle    435 

Wine  glasses  {See  glass) 
"Wine,  fermentation  of  249 
made  without  yeast  285 
sour  cause  of  ....  280 
WiNTEB  clothing..  182,194 

cold   166 

promotes  hunger  93 
Wisdom  of  God 

See  God's  goodness. 
Wood  ashes  soften  water  362 

burns    42 

„    spontaneously  56 

charred    74 

hot  at  one  end,  cold 

at  the  other. . . .  171 
ignited  by  friction  102 

kindling   42,  43 

dry   45 

„       wet.   4# 

made  incombustible  46 
sends  forth  sparks  110 

snaps    108 

will  not  melt  ....  130 

Wooden  handles   173 

Woodpeckers  cry  before 

rain   155 

Wool  bad  conductor. .  172 
collects  no  dew  ..  216 

warm    182,  360 

Woollen  clothing.. . .  182 
kettle  holders  173 
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I>AOS 

Work  produces  hunger  90 
Wound  brings  blood  83 

Yeast  . . . .  f   282 

makes  light  bread  288 

wort   283 

not  used  in  wine  ..  284 
used  in  brewing  ..  282 

Yellow  colour    419 

cause  of  ..  419,  424 
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Yellow  flame  luminous  48 
medium  tone  ..  419 
sky  sign  of  rain  145 

soap   361 

Bun-set  cause  of  143 
„    sign  of  wet  144 

Zig-zag  lightning  ....  5 
Zinc  a  conductor    ....  172 
tarnish  of  261 
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Jeetie  Acid  called 

Citric  tj 
Ai/rowa  „  „ 
Oxalic     „  PI 
&uliifiuric,f  „ 
fiu/j/A.  (i/  /(/umina  „ 
„       Lrme  „ 
„      Jron  „ 
lorper,, 
Hai/nesta 
Soda  „ 


nistillea  YineRar* 
Juice  of  Lemonst 
Aqua  Fortis 
SM  of  LemoDBt 
Oil  of  Vitriol 
Alum 

Plaster  of  Taris 
Green  Cupperaa 
Blue  Vitriol 
Lpsom  ^alta 
Glauber  Salts 


Sulph.o/Zine  caUed 'White  Vitriol 
mtraU  of  Votath      „  Saltpetre 

„  Hiiver 
PrvssiaU  0/  I'otatK 
Tartialc  oj  I'otash 


Jcelttle  of  Copper 
Muriate  of  Soda 
Oxide  of  Lead 
Curb,  of  Ammonia 
Lime 


Lunar  t  austio 
„  Prussian  Blue 
„  Eochelle  Salt 
„  Verdigris 
„   Table  Salt 
Goulard 
Smelling  Salt! 
Chalk.  Marble,  &c 


Sup.  acet.  of  Lead",  *ugar  of  Lead. 


ScBiiMATEs  are  chemical  preparations,  the  basis  of  which  is  genPTall^  qmct- 
iilvtr  In  coBuosivB  subliMatiib,  the  quicksilver  is  eifitipunAffl,  either  by 
viiriol.  potter's  cluy,  or  some  other  ingiedient.  Bensoic  acid  is  a  subbmate 
without  quicksilver. 

Sdblimation  is  asimilarprocess  todistiUation;  only«oKii«  («nch  as  metals 
are  employed,  instead  of  Uquidt. 

N.B  —  It  may  be  profitable  to  remind  the  pupil  that  when  the  termination 
"ous"  is  used,  it  implies  that  the  substance  has  less  oxygen  than  when  tbe 
termination  "  ic  '  is  added-thus  sulphurous  acid  contains  less  oxygen  than 
sulphuric  acid,  iSic 

*  Distilled  vinegar  is  an  impure  or  diluted  acetic  acid.     ,  ,  _  ...... 

+  Citric  acid  is  a  rather  crystalline  substance,  prepared  bom  the  jnlce  n 

^^'t^aU  of  lemons  is  really  a  bin-oxalit6'o'f"pota*M.a  compound  of  two  eQuiva- 
csts  of  oxalic  acid  and  one  of  putassa. 
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MKm  &  SONS'  EDUCATIONAL  WORKS. 


ELEMENTARY. 

H  ild's  Pathway  through  the  History  of  England  : 

in  Question  and  Answer.    With  Heads  of  the  Sovereigns.  6d. 

EARNING  to  Read  :  the  First  Book  for  Children. 

Cloth  back,  6d. 

•oND's  Child's  Question  Book  of  Useful  Know- 
ledge.   i8mo,  stiiF cover,  gd. ;  or  cloth,  is. 

Iartin's  Intellectual  Primer  ;  or,  First  Book 

for  the  Yoving.    Numerous  Illustrations.    i2mo,  embossed  cloth,  is. 

^  artin's  Intellectual  Spelling  Book  ;  contain- 
ing the  Correct  Spelling  and  Pronunciation  of  Ten  Thousand  Words. 
Cloth,  IS. 

Iartin's  Intellectual  Expositor  :  the  Meanings 

of  Five  Thousand  Words,  with  Tables  of  Prefixes,  Affixes,  Primitiva 
Roots,  &c.    Cloth,  IS. 

[artin's  Intellectual  Grammar.   Cloth,  is. 
,YRics  for  Little  Ones.   Cloth,  is. 
CHOOLROOM  Poetry.   Thick  i8mo,  cloth,  is.  6d. 
HINGS  of  Every-day  Use  :  What  They  Are,  Where 

They  Come  From,  and  How  They  are  Made.    Limp  cloth,  is. 

:dd's  Class  Singing-Book.    With  Exercises,  &c. 

Sewed,  6d.  Enlarged  Edition,  including  71  Appropriate  Rounds, 
8vo,  stiff  cover,  cloth  back,  is.  6d. 

le  Children's  Hosannah  :  129  Hymns  for  Schools. 

One  Penny. 

HISTORY. 

)R.  Brewer's  Allison's  Guide  to  English  His- 
tory and  Biography  ;  from  the  Invasion  of  Julius  Csesar  to  the 
year  1863.    Embossed  cloth,  3s. 

I  Reading  Book  of  English  History  and  Bio- 
graphy. By  the  Rev.  W.  Legge.  With  Examination  Questions. 
Embossed  cloth,  2s.  6d. 

JR.  Brewer's  History  of  France  ;  Social,  Political, 

and  Literary,  brou£bt  down  to  the  year  1863.   Embossed  cloth.  5s. 
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HISTORY. 

Dr.  Brewer's  Allison's  Guide  to  English  His- 
tory AND  Biography  ;  from  the  Invasion  of  Julius  Caesar  to  tha 
year  1865.    Embossed  cloth,  3s. 

A  Reading  Book  of  English  History  and  Bio- 
graphy. By  the  Rev.  W.  Legge.  With  Examination  Questions. 
Embossed  cloth,  2s.  6d. 

Dr.  Brewer's  History  of  France;  Social,  Political, 

and  Literary,  brought  down  to  the  year  1863.    Embossed  cloth,  55. 

Dr.  Brewer's  Smaller  History  of  France.  Ip 

Question  and  Answer.    Embossed  cloth,  2S.  6d. 

Dr.  Brewer's  Guide  to  Roman  History  and  Bio- 
graphy: from  the  Earliest  Period  to  the  Close  of  the  Western 
Empire.    Embossed  cloth,  3s.  6d. 

Dr.  Brewer's  Guide  to  Grecian  History,  Mytb^ 

ology,  and  Literature.    Embossed  cloth,  3s.  6d. 

Compendium  of  Universal  History.  Embossed 

doth,  3s.  6d,    Also  in  the  four  following  Divisions : — 
A  Compendium  of  Ancient  History,   gd. ;  embossed  cloth,  it. 
The  Middle  Ages.   gd. ;  embossed  cloth,  is. 
Modern  History,   gd. ;  embossed  cloth,  is. 
Historical  Questions  on  the  3  preceding  Books,  gd. ;  cloth,  il. 

scripture  history. 

Dr.  Brewer's  Guide  to  Scripture  History  : 

The  Old  Testament,  with  Contemporaneous  History.  Embossed 
cloth,  3s.  6d. 

The  New  Testament,  with  Contemporaneous  History,  &c.  Em- 
bossed cloth,  3s.  6d. 

Two  Thousand  Questions  on  the  Old  and  New 

Testaments  :  With  Explanatory  Introductions  to  each  Book,  a 
Concise  History  of  the  Jews,  and  Sketch  of  the  Christian  Evidence!. 
Cloth,  2S.    The  Key,  cloth,  2s. 

One  T/iffusafui  Questions  on  the  Old  Testament. 

One  Thousand  Questions  on  the  New  Testament. 
Being  the  separate  Parts  of  the  above  work,  price  gd.  each,  stui 
cover;  is.,  cloth.    Key  to  each,  gd. 

The  Child's  Pathway  through  Bible  and  Gospel 

History.    By  Mrs.  R.  Barker,  Author  of  the  "  Land  of  Promise, 
&c.  6d. 

Bible  Stories.  By  Lucy  Barton.  Steel  Frontispiece, 

cloth,  IS. 

Questions  and  Answers  on  the  Prophecies  con-. 

ouudNG  OUR  Lou>  Jssus  Christ,  ad. 
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!;Dr.  Brewer's  Theology  in  Science;  a  Complete 

•        Treatise  on  Geology,  Physical  Geography,  Ethnology,  or  the  Species 
of  Man ;  Philology,  or  the  Languages  of  Man,  &c.    Cloth,  3s.  6d. 

;  .Dr.  Brewer's  Guide  to  Science.   121st  Thousand. 

,,        Cloth,  3S.  6d. 

(  Vegetable  and  Animal  Life  :  a  Hand-Book  of 

!        Physiological  Science.    By  Dr.  Mann.    Illustrations,  cloth,  3s.  fid. 

I  Guide  to  Astronomical  Science.  With  Diagrams. 

By  Dr.  Mann.    Thick  i8mo,  cloth,  3s.  6d. 

CGUIDE  TO  THE  KNOWLEDGE  OF  THE  STARRY  Hea- 
VENS.  By  Dr.  Mann.  In  Question  and  Answer.  Illustrations, 
cloth,  2S.  fid. 

(Conversations  on  the  Bible  and  Science.  By 

the  Rev.  Edwin  Sidney,  A.M.,  Author  of  "  Electricity,"  "  Food  and 
Nutrition,"  &c.  This  Book  clearly  shows  that  God's  Works  never 
contradict  His  Word.   Embossed  cloth,  3s.  fid. 

IThe  Raw  Material  of  Life.   Limp  cloth,  gd. 
IThe  Earth  and  its  Garment  of  Water  and  Air. 

Cloth,  IS.  fid. 

IThe  Atoms  and  Electric  Forces  of  the  Earth. 

Cloth,  IS.  fid. 

IThe  Life  of  a  Plant  :  Including  the  Composition 

of  the  Soil,  the  Plant  in  its  Infancy  and  Growth,  Maturity  and  Aee. 
Cloth,  IS.  fid. 

TThe  Observing  Eye  :  Letters  to  Children  on  the 

Three  Lower  Divisions  «f  Animal  Life.  By  Mrs.  John  Wright. 
Illustrations,  cloth,  2s.  fid. 

COUR  World  :  its  Rocks  and  Fossils.   By  the 

Author  of  "  The  Observing  Eye."  Illustrations,  foolscap  8vo,  doth, 
3S. ;  or  gilt  edges,  as.  fid. 

TThe  Illustrated  Geology;  or,  Former  Worlds, 

their  Structure,  Condition,  and  Inhabitants.  By  F.  C.  Bakewell, 
Illustrations,  8vo,  cloth,  2s. 

IBaRLOW'S  ASTRONOllY  SIMPLIFIED.    StiflF  COVCT,  ^ , 


JARROLDS' 
"LEARNING   TO  WRITE" 

GOPYj;;^OKS. 

These  Copy-Books  possess  many  points  of  practical  exceUence  not 
to  be  found  in  any  other  series.  They  are  also  well  arranged  for 
Teaching,  and  will  be  found  amongst  the  Cheapest  yet  produced. 

In  Foolscap  and  Post.  In  the  Post  Edition,  the  Head  Lines  are 
i?i  Black  Ink,  with  Blue  Ruling  and  Division  Lines. 

Ko 

1.  '  Text  Hand— ElementaiT-  Strokes,  Easy  Letters,  &  Words. 
IJ.  Text  and  Round  Hands— Elementary.    Strokes,  Easy 

Letters,  and  Words. 

2.  Text  Hand— Elementary.    Easy  Words,  without  Long 

I  fitters 

2k  Text  and  Round  Hands— Elementary.  Letters  and  Easy 
Words.    Without  Long  Letters. 

3.  Text  Hand-Elementary.  Easy  Words,  with  LongLetters. 
3i.  Text  &  Small  Hands.  Easy  Words,  Sentences,  Figures,  &c. 

4.  Text  &  Round  Hands.  Easy  Proper  Names,  with  Capitals. 
4^  Three  Hands.    With  Capitals. 

5.  Text  Hand.    Arithmetical  Facts. 

6.  Round  Hand.    Geographical  Facts. 

7.  Small  Hand.    Rules  of  Grammar. 

8.  Round  and  Small  Hands.    Geographical  Facts  and  Rulc= 

9.  Three^Hand^"^'  Arithmetical  Facts,  Geographical  Facts, 

and  Rules  of  Grammar. 
10.    Small  Hand.    Scripture  History. 

11     Commercial  Eipure  Practice.  Sums  m  Simple  and  Com- 
™d  Addition,  Subtraction,  Multiplication.  &  Division. 

12.  Commercial  Running  Hand.    Ledger  Headings,  &c. 

13.  Bills  of  Parcels,  Receipts,  &c. 

14    Girls' Running  Hand.    Slightly  Angular. 

15.    Ditto.    Poetry  of  the  Months.    Slightly  Angular.  ^ 

Foolscap  Edition,  2^  each.    Post  Edition,  Zd.  each. 
'    LONDON;  JARROLD  &  SONS,  3,  PATERNOSTER  BUlLDlf^GS, 


FAENBLL'S 

tNE¥  SEEIES  OF  COPY-BOOKS. 

These  Books,  now  in  use  in  large  Public  and  Private  Schools,  in 
ihll  parts  of  the  kingdom,  invanabh/  ensure  good  hand-writing  in 
jone  half  the  time  usually  expended  in  attempts  (often  unsuccessful) 
;o  acquire  this  useful  art. 

Every  exemplar  copy  is  based  upon  a  well-considered  and  perfect 
psystem,  giving  freedom  in  handling  the  pen,  and  securing  beauti- 
tfully-formed  letters. 

Small  Post  4to,  3d.  each  ;  or  on  superior  cream-wove 
paper,  handsome  covers,  6d.  each. 

riHE   INITIATING  COPY-BOOKS. 

Nos.  1,  1|,  and  2. 

ITHE   REPETITION   AND  RHYMING  COPY-BOOKS. 

Text,  Round,  and  Small,  with  Figures.    Nos.  3  and  4. 

rrSE    GEOGRAPHICAL,    GRAMMATICAL,    &  ARITH- 
METICAL COPY-BOOKS. 

Nos.  5,  6,  13,  and  14. 

rrilE   COMMERCIAL  COPY-BOOKS. 

Invoices,  Eeceipts,  BiUs  of  Parcels,  Promissory  Notes,  and 
business  letters.    Nos.  7  and  8. 

rrHE   SCRIPTURE  COPY-BOOBL 

The  Current-Hand.      No.  12, 

rCHE   LADIES'   RUNNING-HAND  COPY-BOOKS. 
Initiatory  Practice,  Astronomical  Copies,  Poeti-y,  &c. 
Nos.  9,  10,  and  11. 

BTHE  COMMERCIAL  RUNNING-HAND  COPY-BOOK, 
Or  Rapid  Writer.   No.  16. 
a"  beautiful  business  hand.    Frice  Sixpence. 

F^ARNELL'S  ORIGINAL  GRADATION  COPY-BOOKS; 
Nos.  1  to  6,  M.  each. 

Beginning,  Advancing,  and  Completing ;  Emendative  also 
of  tJie  most  imperfect  style,  in  youth  or  adult. 


London :  Jarrold  &  Sons,  12,  Paternoster  Eow, 


BOOKS  FOE  TIE  HOUSEEOLD 

•    AND  FOR  PRESENTS. 

Handsomely  bound  in  cloth,  Frontispiece  in  COLOURS 
by  Dickes.    One  Shilling  and  Sixpence  each. 

Starting  in  Life,  and  other  Tales.    For  Boys 
and  Girls. 

How  to  Rise,  in  the  World,  and  other  Tales. 

For  Young  Men. 
The  Happy  Life,  and  other  Tales.    For  Young 

Women. 

Marriage  Bells,  and  other  Tales.    For  Young 

Men  and  Women. 
Mother's  Trials  and  Triumphs,  and  other  Tales. 

For  Fathers  and  Mothers. 
When  to  Say  "No!"  and  other  Tales.  For; 

Workers  and  Thinkers. 
Home  Happiness,  and  other  Tales.  _ 
The  Poetry  of  Home  and  School  Life. 
Tales  in  Rhyme. 
Popular  Readings. 

Home,  Sweet  Home  !  and  other  Tales. 
The  Pathway  of  Health. 
The  True  Briton,  and  other  Tales. 

Twelve  Books  in  Box,  with  Glass  Front,  including 
Lending  Library  Catalogue,  for  One  Guinea,  ^  fumia 
be  in  every  Family.  _  An  admirable  present  to  a 
Minister  or  District  Visitor. 

^  The  ORIGINAL  EDITION,  at  One  Shilling  per 
Volume,  may  still  be  obtained.  . 

JARROLD  &  SONS,  i.,  PATERNOSTER  ROW,  LONDON. 


